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For many patients with 
Parkinson’s disease 
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The causes of motor fluctuations are not completely understood; 
in some patients they may be attenuated by treatment regimens _ 
that produce steady plasma levels of levodopa. 
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The above is only provided as an example of conversion. ~ 
Dosage must be individualized and will vary from patient to 
patient. This example chart reflects dosing of SINE CRto 
provide an increase of approximately 10% more levodopa. 


+For dosing ranges not shown in the table see DOSAGE AND 
ADMINISTRATION, /nitial Patients curses igs 
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Summary of Full Prescribing Information. 
§The bioavailability of from SINEMET CR relative to 

SINEMET is approximately 75%. 
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F SUMMARY (FOR FULL PRESCRIBING 
JRMATION, SEE PACKAGE INSERT) 


sdermal Therapeutic System 


grammed delivery in vivo of 0.5 mg of 
polamine over 3 days 


ICATIONS AND USAGE 

sderm Scop is indicated for prevention of nausea and vomiting 

bciated with motion sickness in adults. The disc should be applied only 
cin in the postaunicular area 

Hinical Results: Transderm Scdp provides antiemetic protection within 
eral hours following application of the disc behind the ear. In 195 adult 
ects of different racial origins who participated in clinical efficacy 

dies at sea or in a controlled motion environment, there was a 75% 
Huction in the incidence of motion-induced nausea and vomiting 
snsderm Scōp provided significantly greater protection than that obtained 
h oral dimenhydrinate 


= )NTRAINDICATIONS 

ansderm Scop should not be used in patients with known hypersensitivity 
» scopolamine or any of the components of the adhesive matrix making 

p the therapeutic system, or in patients with glaucoma 


'ARNINGS 
ansderm Scop should not be used in children and should be used with 
ecial caution in the elderly. See PRECAUTIONS. 
Since drowsiness, disorientation, and confusion may occur with the 
e of scopolamine, patients should be warned of the possibility and 
lutioned against engaging in activities that require mental alertness, such 
driving a motor vehicle or operating dangerous machinery 

Potentially alarming idiosyncratic reactions may occur with ordinary 
wapeutic doses of scopolamine 


 \ECAUTIONS 

eral 

Ph scopolamine should be used with caution in patients with pyloric 

i struction, or urinary bladder neck obstruction. Caution should be 

Se ercised when administering an antiemetic or antimuscarinic drug to 

® tients suspected of having intestinal obstruction. 

$ Transderm Scop should be used with special caution in the elderly or in 
© lividuals with impaired metabolic, liver, or kidney functions, because of 
a? increased likelihood of CNS effects 

| & formation for Patients 

since scopolamine can cause temporary dilation of the pupils and blurred 


TRANSDERM SCOP 


scopolamine 1.5 mg 


Transderm Scop is a prescription product for adults only that has been clinically tested, 
proving it Safe and effective. Even so, it can have some side effects. Dryness of the mouth 

occurs in two thirds of users, As with many medications, drowsiness may occur (affecting 
less than one in six) and users are warned against driving or operating dangerous 
machinery. Use with special care in the elderly and avoid drinking alcohol while using the 
product. See Prescribing Information for additional information on possible adverse 
reactions or side effects 


vision if it comes in contact with the eyes, patients should be strongly 
advised to wash their hands thoroughly with soap and water immediately 
after handling the disc 

Patients should be advised to remove the disc immediately and contact 
a physician in the unlikely event that they experience symptoms of acute 
narrow-angle glaucoma (pain in and reddening of the eyes accompanied by 
dilated pupils) 

Patients should be warned against driving a motor vehicle or operating 
dangerous machinery. A patient brochure is available 
Drug Interactions 
Scopolamine should be used with care in patients taking drugs, including 
alcohol, capable of causing CNS effects. Special attention should be given 
to drugs having anticholinergic properties, e.g., belladonna alkaloids, 
antihistamines (including meclizine), and antidepressants 
Carcinogenesis, Mutagenesis, Impairment of Fertility 
No long-term studies in animals have been performed to evaluate 
carcinogenic potential. Fertility studies were performed in female rats and 
revealed no evidence of impaired fertility or harm to the fetus due to 
scopolamine hydrobromide administered by daily subcutaneous injection. 
In the highest-dose group (plasma level approximately 500 times the level 
achieved in humans using a transdermal system), reduced maternal body 
weights were observed. 
Pregnancy Category C 
Teratogenic studies were performed in pregnant rats and rabbits with 
scopolamine hydrobromide administered by daily intravenous injection. 
No adverse effects were recorded in the rats. In the rabbits, the highest 
dose (plasma level approximately 100 times the level achieved in humans 
using a transdermal system) of drug administered had a marginal 
embryotoxic effect. Transderm Scop should be used during pregnancy 
only if the anticipated benefit justifies the potential risk to the fetus 
Nursing Mothers 
it is not known whether scopolamine is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised 
when Transderm Scop is administered to a nursing woman 
Pediatric Use 
Children are particularly susceptible to the side effects of belladonna 
alkaloids. Transderm Scop should not be used in children because it is not 
known whether this system will release an amount of scopolamine that 
could produce serious adverse effects in children 


ADVERSE REACTIONS 
The most frequent adverse reaction to Transderm Scop is dryness of the 
mouth. This occurs in about two thirds of the people. A less frequent 
adverse reaction is drowsiness, which occurs in less than one sixth of the 
people. Transient impairment of eye accommodation, including blurred 
vision and dilation of the pupils, is also observed 

The following adverse reactions have also been reported on infrequent 
occasions during the use of Transderm Scop: disorientation; memory 
disturbances; dizziness; restlessness; hallucinations; confusion; difficulty 
urinating: rashes and erythema; acute narrow-angle glaucoma; and dry 
itchy, or red eyes 


Drug Withdrawal: Symptoms including dizziness, nausea, vomiting, 
headache and disturbances of equilibrium have been reported in a few 
patients following discontinuation of the use of the Transderm Scdp 
system. These symptoms have occurred most often in patients who have 
used the systems for more than three days 


OVERDOSAGE 

Overdosage with scopolamine may cause disorientation, memory 
disturbances, dizziness, restlessness, hallucinations, or confusion 
Should these symptoms occur, the Transderm Scõp disc should be imme- 
diately removed. Appropriate parasympathomimetic therapy should be 
initiated if these symptoms are severe 


DOSAGE AND ADMINISTRATION 

Initiation of Therapy: One Transderm Scop disc (programmed to deliver 
0.5 mg of scopolamine over 3 days) should be applied to the hairless area 
behind one ear at least 4 hours before the antiemetic effect is required 
Only one disc should be worn at any time 

Handling: After the disc is applied on dry skin behind the ear, the hands 
should be washed thoroughly with soap and water and dried. Upon 
removal of the disc, it should be discarded, and the hands and application 
site washed thoroughly with soap and water and dried, to prevent any 
traces of scopolamine from coming into direct contact with the eyes. (A 
patient brochure is available.) 

Continuation of Therapy: Should the disc become displaced, it should 
be discarded, and a fresh one placed on the hairless area behind the other 
ear. If therapy is required for longer than 3 days, the first disc should be 
discarded, and a fresh one placed on the hairless area behind the other ear. 
The system should be stored between 59°-86°F (15°-30°C). 
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n A Potent Analgesic 

» Synthetically derived opioid analgesic with 
) » sedative properties 


Somnolence (43%) is the most frequently 
reported side effect 





Efficacy comparable to IM meperidine at 
equipotent doses’ 


< Effective in Acute Pain 


» Demonstrated efficacy in relief of acute 


pain following invasive surgical procedures' 


Also proven effective in the relief of acute 
migraine pain’ 


Onset of pain relief within 15 minutes!” 


*Across all clinical trials, including STADOL* Injectable and 
STADOL NS.’ Patients should not perform potentially hazardous tasks 
(eg, driving, operating machinery). Alcohol should not be consumed 
while using STADOL NS. | 
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trom Mead Johnson Laboratones 


\Acute pain relief... 
from a nasal spray 


In a Convenient Nasal Spray 


e The only nasal spray analgesic 


e Well suited for outpatient management 
of acute pain with appropriate medical 
instruction 


e Nota federally controlled substance 


STADOL=:NS 
(butorphanol tartrate) Nasal Spray 


Acute Pain Relief, 
Delivered in Minutes 





1. Schwesinger WH, Reynolds JC, Harshaw DH, Frakes LA. Transnasal butorphanol 
and intramuscular meperidine in the treatment of postoperative pain. Advances in 
Therapy. 1992;9:123-129. 


2. Diamond S, Freitag FG, Diamond ML, Urban G. Transnasal butorphanol in the 
treatment of migraine headache pain. Headache Quarterly. 1992;3:160-167. 


3. STADOL® NS" package insert. 
Please see brief summary of prescribing information on following page. 






Acute Pain Relief, 

Delivered in Minutes 

Brief Summary 

INDICATIONS 
= $TADOL® NS" (butorphanol tartrate) Nasal Spray is indicated for the management of pain when the use of an opioid analgesic is ap 
sa CONTRAINDICATIONS 
ye = $TADOL NS is contraindicated in patients hypersensitive to butorphanol tartrate or the preservative benzethonium chloride. 
WARNINGS 


Patients Dependent on Narcotics 
S aapeli of its opok antagonist properties, butorphanol is not recommended for use in patients dependent on narcotics. Such pa 
period of withdrawal from opioid drugs prior to beginning butorphanol therapy. In patients taking 
Bo sragents cron y born T has precipitated withdrawal symptoms such as anxiety, agitation, mood changes, hallu- 
ae of the difficulty in tke cae tolerance in patients who have received repeated doses of narcotic analgesic 
medication, caution should be used in the administration of butorphanol to erage Aa 
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ager al and Increased Intracranial Pressure 

As with other opioids, the use of butorphanol in patients with head injury may be associated with carbon dioxide retention and sec- 
elevation of fluid pressure, drug-induced miosis, and alterations in mental state that would obscure the inter- 

__ pretation of the clinical course of patients with head injuries. In such patients, butorphanol should be used only if the benefits of 

use outweigh the potential risks. 


at 


an sical aR ner 
may produce respiratory depression, especially in patients receiving other active agents, or patients suffering 
_ from CNS diseases or respiratory impairment. 


t _ Hepatic and Renal Disease 


! In gn as severe hepatic or renal disease the initial dosage interval for STADOL NS should be increased to 6-8 hours until the 
well characterized. Subsequent doses should be determined by patient response rather than being scheduled at 
i as Effects 


kaaria butorphanol may increase the work of the heart, especially the pulmonary circuit, the use of butorphanol in patients with 
in , ventricular dysfunction, or coronary insufficiency should be limited to those situations where the bene- 

iso outweigh the risk. 
Severe seni her has a reported rarely during yyriene therapy. In such cases, butorphanol should be discontinued and 
laoa antihypertensive drugs. In patients who are not opioid dependent, naloxone has also been reported 


Drug Interactions 

ee Concurrent use of butorphanol with central nervous prota oprasianie (e.g. Tgh sobrean p tranquilizers, and antihis- 

2 _tamines) may result in increased central nervous system dep rrently with such drugs, the dose of 
- butorphanol should be the Aegan effective dose and the eer of ara aikana = ee as possible when administered 


= Concomitantly with drugs that potentiate the action of opioids. 
Bie Snes, not known if the effects of butorphanol are altered by concomitant medications that affect hepatic metabolism of drugs (cimet} 
ss = ha ha ese, a), but physicians should be alert to the possibility that a smaller initial dose and longer inter 


The gr of STADOL k absorbed i is unaffected by the concomitant administration of a nasal vasoconstrictor (oxymetazol 
__ but the rate of absorption is decreased. Therefore, a slower onset can be anticipated if STADOL NS is administered y sorei 
with, or immediately following, a nasal vasoconstrictor. 


No information is available about the use of butorphanol concurrently with MAO inhibitors. 


Use in Ambulatory Patients 

Drowsiness and dizziness related to the use of butorphanol may impair mental and/or physical abilities required for the pertor- 
| mance of potentially hazardous tasks (e.g., driving, operating machinery, etc.). Patients should be told to use caution in such activ- 
-ities until their individual responses to butorphanol have been well characterized. 


í Alcohol should not be consumed while using butorphanol. Concurrent use of butorphanol with central nervous system depres- 
rhe (e.g., alcohol, barbiturates, tranquilizers, and antihistamines) may result in increased central nervous system depressant et 


Patients should be instructed on the proper use of STADOL NS. 


apana ve Muta estes p. piran oe of Fertility 
butorphanol has not been adequately evaluated. 
f hanol oe SS genotoxic in S. typhimurium or E. coli assays or in unscheduled DNA synthesis and repair assays conducted 
Banga human fibroblast cells. 


Rats treated orally with 160 mg/kg/day (944 mg/sq.m.) had a reduced pregnancy rate. However, a similar effect was not observed 
with a 2.5 day (14.75 mg/sq.m.) subcutaneous dose. 


Pregnancy 

Pregnancy Category C 

There are no adequate and well-controlled studies of butorphanol in pregnant women before 37 weeks of gestation. 

Reproduction studies in mice, rats and rabbits during organogenesis did brh me sap bee a potential to butorphanol. Preg 
nant rats treated subcutaneously with butorphanol at 1 mg/kg (5.9 mg/ igher frequency of stillbirths than controls. 
aliyi at 30 Eyma (5.1 mg/sq.m.) and 60 mg/kg/ora Re 2 moe å ) also showed higher incidences of post implanta 


AK uin and Delivery 
_.  STADOL NS is not recommended during labor or delivery because there is no clinical experience with its use in this setting. 


ursing Mothers 
Ai Be has been detected in milk following administration of STADOL Injectable to nursing mothers. The amount an infant 
F receive is probably clinically insignificant (estimated 4 microgranviiter of milk in a mother receiving 2 mg IM four times a day). 
\" Although there is no clinical experience with the use of STADOL NS in nursing mothers, it should be assumed that butorphanol will 
appear in the milk in similar amounts following the nasal route of administration. 


Pediatric Use 
oo ee recommended for use in patients below 18 years of age because safety and efficacy have not been established in 
population. 


Geriatric Use 
Initially a 1 mg dose of STADOL® NS* (butorphanol tartrate) Nasal Spray should generally be used in geriatric patients ar 
minutes should elapse before deciding whether a second 1 mg dose is needed. 


Due to changes in clearance, the mean half-life of butorphanol is increased by 25% (to over 6 hours) in patients over the ; 
Elderly patients may be more sensitive to its side effects. Results from a long-term clinical safety trial suggest that elder! 
may be less tolerant of dizziness due to STADOL NS than younger patients. 


ADVERSE REACTIONS 
A total of 2446 patients were studied in butorphanol clinical trials. Approximately half received STADOL Injectable with the ı 
receiving STADOL NS. In nearly all cases the type and incidence of side effects with butorphanol by any route were those t 
observed with opioid analgesics. 


The adverse experiences described below are based on data from short- and long-term clinical trials in patients receiving bu 
by any route and from post-marketing experience with STADOL Injectable. There has been no attempt to correct for placeb 
to subtract the frequencies reported by placebo treated patients in controlled trials. 


REACTIONS 

The most frequently reported adverse experiences across all clinical trials with STADOL Injectable and STADOL NS were so 
(43%), dizziness (19%), nausea and/or vomiting (13%). In long-term trials with STADOL NS only, nasal congestion (1° 
somnia (11%) were frequently reported. 

The following adverse experiences were reported at a frequency of 1% or greater, and were considered to be probably re:a 
use of butorphanol: 

BODY AS A WHOLE: asthenia/lethargy*, headache", sensation of heat 

CARDIOVASCULAR: VASODILATION", PALPITATIONS 

DIGESTIVE: ANOREXIA*, CONSTIPATION’, dry mouth", nausea and/or vomiting (13%), stomach pain 

NERVOUS: anxiety, confusion’, dizziness (19%), euphoria, floating feeling, INSOMNIA (11%), nervousness, paresthesia 
lence (43%), TREMOR 

RESPIRATORY: BRONCHITIS, COUGH, DYSPNEA, EPISTAXIS*, NASAL CONGESTION (13%), NASAL IRRITATION*, PF 
TIS*, RHINITIS", SINUS CONGESTION*, SINUSITIS, UPPER RESPIRATORY INFECTION* 

SKIN AND APPENDAGES: sweating/clammy’”, pruritus 

STADENS blurred vision, EAR PAIN, TINNITUS*, UNPLEASANT TASTE* (also seen in short-term tr 


(Reactions occurring with a AER of 3-9% are marked with an asterisk." Reactions reported predominantly from lonç 
als with STADOL NS are CAPITALIZE 


The following adverse experiences were reported with a frequency of less than 1%, in clinical trials. or from post-marketir 
ence and were considered to be probably related to the use of butorphanol. 

CARDIOVASCULAR: hypotension 

NERVOUS: abnormal dreams, agitation, drug dependence, dysphoria, hallucinations, hostility 

SKIN AND APPENDAGES: rash/hives 

UROGENITAL: impaired urination 

(Reactions reported only from post-marketing experience are italicized.) 

The a infrequent additional adverse experiences were reported in a frequency of less than 1% of the patients studier 


term STADOL NS trials and from post-marketing experiences under circumstances where the association between these € 
butorphanol administration is unknown. They are being listed as alerting information for the physician. 


BODY AS A WHOLE: edema 

CARDIOVASCULAR: hypertension 

NERVOUS: convulsion, delusions, depression 

RESPIRATORY: apnea, shallow breathing 

(Reactions reported only from post-marketing experience are italicized.) 


DRUG ABUSE AND DEPENDENCE 

Although the mixed agonist-antagonist opioid analgesics, as a class, have lower abuse potential than morphine, all such 
be and have been reported to be abused. 

Chronic use of STADOL Injectable has been reported to result in mild withdrawal syndromes, and reports of overuse and . 
ed addiction have been received. 

Among 161 patients who used STADOL NS for 2 months or longer approximately 3% had behavioral proome suggestiv 
ble abuse. Approximately 1% of these patients reported significant overuse. Fag a such as anxiety, agitation, an 
were observed. Symptoms suggestive of opioid withdrawal occurred in 2 patients who stopped the rg ruptly after us 
a day or more for r than 3 months. 

Special care should be exercised in administering butorphanol to emotionally unstable patients and to those with a histc 
misuse. When long-term therapy is necessary, such patients should be closely supervised. 


OVERDOSAGE 


Clinical Manifestations 
The clinical ae of overdose are those of opioid drugs, the most serious of which are hypoventilation, cardio’ 
or coma. 


Overdose can occur due to accidental or intentional misuse of butorphanol, especially in young children who may gain ac 
drug in the home. 


Treatment 

The management of suspected butorphanol overdosage includes maintenance of adequate ventilation, peripheral 
body temperature, and protection of the airway. Patients should be under continuous observation with adequate se 
mental state, responsiveness and vital signs. Oxygen and ventilatory assistance should be available with continual 
pulse sar Be indicated. In the presence of coma, placement of an artificial airway may be required. An adequa 
portal should be maintained to facilitate treatment of hypotension associated with vasodilation. 


The use of a specific opioid antagonist such as naloxone should be considered. As the duration of butorphanol acti 
ceeds the duration of action of naloxone, repeated dosing with naloxone may be required. 


DOSAGE AND ADMINISTRATION 

Factors to be considered in determining the dose are age, body weight, physical status, underlying pathological cond 

other drugs, type of anesthesia to be used, and surgical procedure involved. Use in the elderly, patients with hepatic or 

or in labor requires extra caution (see hohe PRECAUTIONS) The following doses are for patients who do not have impai 

renal function and who are not on 

The usual recommended dose for cep nasal cine is 1 mg (1 spray in one nostril). Adherence to this dose 

cidence of drowsiness and dizziness. If adequate pain relief is not achieved within 60-90 minutes, an additional 1 mg 

given. 

The initial two dose sequence outlined above may be repeated in 3-4 hours as needed. 

Depending on the severity of the pain, an initial dose of 2 mg (1 spray in each nostril) may be used in patients who will 

ype recumbent in the event drowsiness or dizziness occurs. In such patients single additional 2 mg doses should not b 
urs. 


Safety and jagen, 
STADOL NS is an open delivery system with increased risk of exposure to health care workers. 


In the priming process, a certain amount of butorphanol may be aerosolized, therefore the pump sprayer should be aimed f 
the patient or other people or animals. 


The unit should be disposed of by unscrewing the cap, rinsing the bottle, and placing the parts in a waste container. 


HOW SUPPLIED 
STADOL NS is supplied in a child-resistant prescription vial containing a metered-dose spray pump and protective y 










cover, a bottle of nasal spray solution, and a patient instruction leaflet. On average, one bottle will deliver 14-15 doses 
ing is necessary. 
NDC 0087-5650-41: 10 mg per mL, 2.5-mL bottle. 


Storage Conditions 
Store below 86°F (30°C). Parenteral drug products should be inspected visually for particulate matter and discoloration p 
ministration, whenever solution and container permit. 


CAUTION: Federal law prohibits dispensing without prescription. 
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Calendar of Meetings 


September 


4-7 First Ibero-American Symposium in Clinical Neurophysiology, Sands Hotel, San 
Juan, Puerto Rico. Contact Sociedad de Neurofisiologia de Puerto Rico, Box 922 
Emiliano Pol 497, Urb La Cumbre, Rio Piedras, PR 00926. 


8-12 Second World Congress of Stroke, Washington, DC. Contact Convention Office, 
Wake Forest University Medical Center, Box 57, 300 S Hawthorne Rd, Winston- 
Salem, NC 27103-2797; (919) 748-6103. 


13-18 16th World Congress of the International Union of Angiology, Paris, France. Con- 
tact H. Boccalon, Angiologie, CHU Rangueil, 31054 Toulouse, France. 


17-19 “Neurologic Complications of Pregnancy,” New York, NY. Contact New York 
University Medical Center, 550 First Ave, New York, NY 10016; (212) 263-5295. 


19-20 1992 Annual Meeting of the American Electroencephalographic Society, Fairmont 
Hotel, San Francisco, Calif. Contact Jacquelyn T. Coleman, Executive Director, 
American Electroencephalographic Society, PO Box 30, Bloomfield, CT 06002. 


25 “Medical Complications Following Traumatic Head Injury,” Arlington, Va. Con- 
tact Ruth Moss, Office of Education and Training, National Rehabilitation Hospi- 
tal, 102 Irving St NW, Washington, DC 20010; (202) 877-1034. 


October 

2-3 “Epilepsy Progress Update on Medical and Surgical Treatment,” St Paul, Minn. 
Contact Donna Hill, Office of Medical Education and Research, Health One, 2810 
57th Avenue N, Minneapolis, MN 55430; (612) 574-7857. 

8-10 1992 Midannual Meeting of the American Association of Neuroscience Nurses, The 
Viking Hotel, Newport, RI. Contact American Association of Neuroscience Nurses, 
224 N Des Plaines St, Suite 601, Chicago, IL 60661; (312) 993-0043. 

14-18 Annual Meeting of the American Association of Electrodiagnostic Medicine, 
Charleston, SC. Contact American Association of Electrodiagnostic Medicine, 21 
Second St SW, Suite 306, Rochester, MN 55902; (507) 288-0100. 

22-25 Society for Professional Well-Being National Conference, San Francisco, Calif. 


Contact Society for Professional Well-Being, 21 W Colony PI, Suite 150, Durham, 
NC 27705; (919) 419-0011. 


23-24 “Transcranial Doppler and Cerebral Blood Flow Monitoring,” Los Angeles, Calif. 
Contact UCLA Division of Neurosurgery, 10833 Le Conte Ave, Los Angeles, CA 
90024; (310) 206-0626. 
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Chronic Encephalitis 
and Epilepsy 


Edited by Frederick Andermann, 297 
pp, with illus, $98, Stoneham, Mass, But- 
terworth-Heinemann, 1991. 


In 1958, Dr Theodore Rasmussen, 
then the director of the Montreal (Que- 
bec) Neurological Institute, defined 
the childhood epileptic syndrome 
to which his name is now attached. 
It appeared to be a subgroup of 
Kozhevnikov’s syndrome of epilep- 
sia partialis continua confined to child- 
hood, running a severe progressive 
course with seizures characterized by 
partial motor seizures and localized 
myoclonic seizures that become more 
widespread and progress to motor def- 
icit and mental deterioration. It was 
noted that progressive cerebral atro- 
phy occurred over time and that the 
histopathologic presention included 
a relatively nonspecific inflammatory 
reaction. The inexorable progression 
and resistance to medical therapy set 
this condition apart from other child- 
hood epileptic syndromes with local- 
ization-related seizures. 

Chronic Encephalitis and Epilepsy is 
based on a symposium held at the 
Montreal Neurological Institute in 
June 1988 and brings together the ex- 
pertise of neurologists, neurosurgeons, 
neuropathologists, _neuropsycholo- 
gists, and neuroimmunologists as well 
as virologists and geneticists. Because 
of the debt owed to Kozhevnikov for 
his description of epilepsia partialis 
continua, his original publication and 
subsequent Russian experiences have 
been included as appendix chapters 
of historical importance. 

The editor has done a service to 
neurologists and, particularly, to pe- 
diatric neurologists in compiling the 
magnetic resonance imaging experi- 
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ence derived from 48 of Dr Rasmus- 
sen’s patients, all of whom were care- 
fully studied and histologically veri- 
fied. The evolution of increasingly 
sophisticated evaluative techniques, 
from clinical description to functional 
neuroimaging studies as applied to 
the study of a single syndrome, is 
a unique accomplishment. Unfortu- 
nately, when all is said and done, the 
condition remains an enigma, despite 
the more than 30 years’ passage of 
time and the development of many 
theories of pathogenesis. 

Dr Rasmussen’s historical overview 
and delineation of the syndrome that 
bears his name is followed by the find- 
ings obtained from a variety of inves- 
tigative techniques. Ultimately, the 
only successful mode of therapy, sur- 
gical ablation of the affected hemi- 
sphere, is discussed. 

This book is well written, informa- 
tive, and organized in a logical man- 
ner, which makes it both easy to read 
and a useful compilation of informa- 
tion that will, it is hoped, stimulate 
further theories of causation and re- 
search activities in this direction. 

Those of us who have the respon- 
sibility for looking after children 
with this dreadful disorder must be 
grateful to the editor for focusing 
attention on this condition. Any ad- 
vances that accrue from dissemina- 
tion of information represents major 
justification for its publication. The 
book is highly recommended to 
practitioners and students of neu- 
rology and pediatrics and to pathol- 
ogists, immunologists, and virolo- 
gists, whose professional activities 
lie in the area of relevance for the 
elaboration of knowledge concern- 
ing the cause and ultimate eradica- 
tion of Rasmussen’s syndrome. 

FRITZ E. DREIFUsS, MB, FRCP, 
FRACP 
Charlottesville, VA 


Epilepsia Experimental 


By Simon Brailowsky and Enrique Otero- 
Siliceo, 295 pp, with illus, $50, México 
City, Mexico, Academia Mexicana de Neu- 
rologia, 1991. 


This book, the second in the Series en 
Neurologia, a collection of mono- 
graphs published in Spanish by the 
Mexican Academy of Neurology, is 
intended to make accessible to the 
practicing physician up-to-date clini- 
cal and scientific information. The 
contents of Epilepsia Experimental are 
based on a course sponsored by the 
Mexican Society of Physiological Sci- 
ences held in Guadalajara, Mexico, in 
August 1990 under the direction of 
one of the coauthors (S.B.). 

This book is organized into 21 
chapters written by Mexican and 
North American participants in the 
conference. Some of the manuscripts 
were translated from English by 
members of the Mexican Academy of 
Neurology. The book is organized 
into three sections covering general 
epilepsies, focal epilepsies, and the 
pharmacology of the epilepsies. 
There is a mixture of basic neuro- 
science and clinical information, with 
a definite tilt toward the former. The 
small print allows inclusion of more 
information in the form of narrative 
text, graphs, and figures than one 
would expect in 295 pages. The sci- 
entific material is contemporary in all 
cases, Original in most, and new in 
some. The chapters are balanced well 
enough to make them readable with- 
out much effort, especially for the 
connoisseur and the initiated in epi- 
leptology. The lists of references fol- 
lowing each chapter are inclusive, in 
some cases with ample references to 
the author’s own work, showing the 
originality of the material. The text is 
well written but, like most modern 
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medical narratives in the Spanish lan- 
guage, it lacks uniformity of termi- 
nology and the iron hand of a style 
editor. It represents, though, an en- 
thusiastic and successful effort by the 
scientific editors of the Mexican 
Academy of Neurology to bring high- 
quality, first-hand, and original infor- 
mation in the neurosciences to the in- 
terested reader in the language of 
Cajal. 

ANTONIO CULEBRAS, MD 

Syracuse, NY 


Peripheral Neurology: 
Case Studies in 
Electrodiagnosis 


Ed 2, by Jay A. Liveson, 476 pp, $60, 
Philadelphia, Pa, FA Davis Co Publish- 
ers, 1991. 


Electrodiagnosis has become an inte- 
gral part of the clinical examination of 


‘patients with neuromuscular dis- 


eases. To localize a lesion, an electro- 
myographer should be armed with 
working knowledge of the anatomy 
of the peripheral nervous system. The 
first edition of this book provided 
many students with the unique op- 
portunity of being exposed to the dy- 
namic process of local diagnosis in 
peripheral nerves, with major empha- 
sis on the anatomy. The second edi- 
tion is superior to the first. Consisting 
of 95 cases, the text is supplemented 
by superb illustrations by Hugh Tho- 
mas. A concise review of peripheral 
neuropathies and diagnostic methods 
precedes the case studies. Although 
this part is useful for reminding the 
reader of the basics, the descriptions 
tend to be superficial. More discus- 
sion on the disease processes in neu- 
ropathies, such as axonal degener- 
ation vs demyelination, and their 
functional consequences would have 
strengthened this part. The case stud- 
ies form the main section of this book. 
The number of cases may be too many 
for a novice electromyographer to 
read through. The cases are arranged 
in the order of difficulty of analysis, 
but it would have been more readable 
if the author had classified the cases 
into subgroups. Most of the questions 
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in the case studies have quite straight- 
forward answers. Nonetheless, our 
everyday practice tells us that pa- 
tients present with complex prob- 
lems. There might be a gap between 
the cases presented and those seen in 
the clinic. For instance, too much em- 
phasis is placed on detecting fibrilla- 
tions and positive sharp waves, 
which we do not commonly observe 
unless the patient presents in the 
early phase of denervation. The anal- 
ysis and discussion could be more in- 
structive if the authors included clin- 
ical signs such as absent tendon jerks 
with normal muscle power, which 
usually implies a demyelinative le- 
sion or a dying-back neuropathy with 
spindle-receptor failure. Last, the 
price of this book would have been 
more reasonable if it had appeared as 
a paperback. 

Despite these shortcomings, this 
book still shines as one of the most 
effective tools for educating students 
in this field. In fact, our department 
uses this book in the initial course of 
training of neuromuscular fellows. 

RYUJI KAJI MD, PHD 
Kyoto, Japan 


Lyme Disease and the 
Nervous System 


By Louis Reik, Jr, 130 pp, $49, New York, 
NY, Theime Medical Publishers Inc, 1991. 


Since the discovery of the North 
American tick-borne borrelial infec- 
tions in Old Lyme, Conn, in 1975, in- 
ternational public and scientific inter- 
est has focused on this illness to a 
degree surpassed only by the atten- 
tion directed toward the acquired 
immunodeficiency syndrome. The 
scientific and the lay literature has 
grown exponentially, and, unfortu- 
nately, some theories about the dis- 
ease and its treatment have gained 
prominence with only minimal scien- 
tific backing. This book offers help for 
physicians trying to understand their 
patients’ symptoms and the meaning 
of test reports. 

Louis Reik, Jr, first saw patients 
with nervous system Lyme disease as 


a house officer at Yale University 
(New Haven, Conn) in 1977 and co- 
authored important early clinical 
publications regarding this disorder. 
After several years of literary silence, 
he has returned to the neuroborrelio- 


sis arena with his encyclopedic re- | 


view book. Reik has painstakingly 
reviewed hundreds of articles related 
to the disorder now most commonly 
called Lyme disease or Lyme borreli- 
osis. He divides his book into 11 
chapters, each dealing in depth with 
clinically pertinent aspects of this dis- 
order that are usually mentioned only 
briefly in clinical review articles. This 
book explains this disorder in its con- 
text as a zoonosis, an understanding 
that helps the reader to recognize the 


misconceptions of this disorder. Reik _ 
explains the special properties of Bor- _ 


relia burgdorferi, its relationship to Ix- 


odid ticks, the relationship of the Ixo- - 
did ticks to small mammals, and their ~ 


ultimate coincidental encounter with 
humans that leads to the transmission 
of the spirochete. Reik summarizes 
the general aspects of this illness, 
without which the neurologic aspects 
cannot be fully recognized and ap- 


preciated. The neurologic symptoms. 


are then reviewed with thorough ref- 
erencing. The sections on diagnosis, 
treatment, and prevention are up to 


date and contain pertinent clinical 


caveats. 

The encyclopedic documentation 
of Lyme Disease and the Nervous System 
serves an important function in that it 
allows a clinician to track down the 
original literature, which relates dif- 
ferent symptoms and syndromes to B 
burgdorferi infection. Many theories 
and observations have been refuted 
in recent scientific literature but still 
surface in lay publications and in re- 
view articles that do not critically an- 
alyze their sources. The reader of this 


book should be better able to interpret: 


reports linking specific disorders to 
this infection. 
Lyme Disease and the Nervous System 


is well written and long overdue. It is 


highly recommended to all clinicians 
who deal with the increasing ques- 
tions and claims about this disorder. 
MICHAEL F. FINKEL, MD 
Eau Claire, Wis 
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Circadian Variation 
in Stroke 


To the Editor.—The article by Marsh et 
al' in the November 1990 issue of the 
ARCHIVES and the letter to the editor 
by Alberts’ and the reply by Marsh? in 
the November 1990 and August 1991 
issues of the ARCHIVES, respectively, 
were of much concern to me. I realize 
that to determine the time of stroke 
onset is difficult. However certain so- 
ciotraditional factors may aid in re- 
solving this problem. 

In a study that I undertook in Hay- 
darpasa Numune (State) Hospital, 
Istanbul, Turkey, the time intervals of 
infarction occurrence and percentages 
of patients (N=110) involved were as 
follows: midnight to 6 AM, 13.1% of pa- 
tients; 6 AM to noon, 34.0%; noon to 6 
PM, 38.4%; and 6 PM to midnight, 14.2% 
of patients. In the majority of the pa- 
tients, the infarction had occurred be- 
tween 6AM and 6 PM, and there was no 
peak regarding any specific time of the 
day. I presume that these results may 
be more reliable due to two features of 
our population. First, most of the old 
people in our country live with their 
children and family, if not with other 
relatives, and those living alone or in 
institutions for the elderly are negligi- 
ble in number. Thus, the probability of 
a stroke to be recognized promptly by 
a family member is very high. (The av- 
erage age was 70.7 years in our study.) 
Second, most of the people in this age 
group are religious, and they follow Is- 
lamic rules strictly. One of these rules 
is “namaz,” which is a ritual worship 
that could be done either in the mosque 
or at home. However, most of the peo- 
ple prefer to worship at home apart 
from special days. The important con- 
cern about this worship is that it is 
done five times a day, in the early 
morning before sunrise, at noon, after- 
noon, at night, and before midnight, 
according to the old Arabic hour scale. 
Therefore, most of our patients, or one 
of their relatives, would usually refer 
to the time of stroke onset as “just be- 
fore morning prayer” or “during the 
noon prayer,” which enables the phy- 
sician to determine the time with near 
accuracy. 

Marsh et al’ state that their results 
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are in accordance with those of Marler 
et al* and Argentino et al.” However, 
in 106 of the 1273 patients in the study 
by Marler et al,’ the time of stroke on- 
set could not be determined and be 
included in the study. In the 92 pa- 
tients from among the remaining 1167 
patients, it is not known whether the 
stroke was present or not on awak- 
ening. On the other hand, in the study 
by Argentino et al,’ the time of stroke 
onset was taken as the time at which 
a relative first noticed it, which could 
be obviously hours later than the real 
time of onset. 

My results are in accordance with 
those of Van Der Windt et al and 
Kaps et al’ that favor a daytime oc- 
currence in cerebral infarction. 

BIRSEN INCE, MD 

Neurology Clinic 

Haydarpasa Numune 
Hospital 

Istanbul, Turkey 
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N-Methyl-D-Aspartate 
Antagonists, 
Schizophrenia, and 
Neuroleptic Malignant 
Syndrome 


To the Editor—We have read with 
great interest the excellent and com- 
prehensive article by Greenamyre and 
O’Brien' on the potential role of N- 
methyl-D-aspartate (NMDA) antago- 
nists in the treatment of Parkinson's 
disease. We would like to extend and 
enrich this discussion by a brief look 
at the putative biological basis of 


schizophrenia and the neuroleptic ma- 
lignant syndrome (NMS). 

In contrast to Parkinson’s disease, 
which is associated or even caused by 
defective nigrostriatal dopaminergic 
transmission, schizophrenia is pro- 
bably characterized by excessive 
dopaminergic transmission. On the 
other hand, the dangerous complica- 
tion of neuroleptic drug treatment, 
NMS, shares with Parkinson’s disease 
the extrapyramidal symptoms and 
it has even been reported following 
discontinuation of antiparkinson- 
ian medication.» Greenamyre and 
O'Brien state appropriately that 
“dopamine receptor agonists and glu- 
tamate receptor antagonists have sim- 
ilar actions at both the biochemical 
and behavioral levels.”' Interactions 
between dopaminergic and gluta- 
matergic neuronal networks have 
been recognized in the striatum and 
nucleus accumbens.’ The “glutamate 
hypothesis” of schizophrenia sug- 
gests that reduced glutamatergic 
transmission causes a relative dopa- 
minergic excess in schizophrenia.*° 
Therefore, NMDA agonists might be 
valuable agents for the pharmacologic 
treatment of schizophrenia. Con- 
versely, it has long been recognized 
that the NMDA antagonist amanta- 
dine? may be useful for the control of 
extrapyramidal side effects of neuro- 
leptic drugs’ and of NMS.’ Further, a 
clinical trial using either amantadine 
or another NMDA receptor antago- 
nist may be justified, because it offers 
a dual approach to the NMS, ie, 
NMDA receptor antagonists revert 
the relative excess of glutamatergic 
transmission of NMS, and they may 
also ameliorate fever, rhabdomyoly- 
sis, and subsequent medical compli- 
cations by virtue of their centrally me- 
diated antispastic?’ and antirigidity”’ 
properties. 

MICHAEL WELLER, MD 
National Institutes of Health 
Clinical Neuroscience Branch 
Bldg 10, Room 3N256 
Bethesda, MD 20892 


JOHANNES KORNHUBER, MD 
Department of Psychiatry 
University of Wurzburg 
Fuchsleinstrasse 15 

8700 Wurzburg, Germany 
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In Reply —I appreciate the comments 
by Weller and Kornhuber on our ar- 
ticle.! Although we confined our re- 
view to the potential use of N-methyl- 
D-aspartate (NMDA) antagonists in 
Parkinson’s disease only, we certainly 
agree with the notion that these agents 
may be beneficial in other conditions. 
While it is well known that sudden 
withdrawal of dopaminergic antipar- 
kinsonian medications may precipi- 
tate neuroleptic malignant syndrome 
(NMS), it is less widely appreciated 
that abrupt cessation of amantadine (a 
\ commonly used antiparkinsonian 
medication and a noncompetitive 
NMDA antagonist) may be associated 
with a profound exacerbation of par- 
kinsonism*’ and a condition marked 
by severe rigidity (J.T.G., unpub- 
lished observations, 1992), even with 
continued therapy with levodopa ora 
dopamine agonist. Could this repre- 
sent a forme fruste or variant of NMS? 
Perhaps the full NMS is not seen in 
these cases because of the fact that 
there is ongoing dopaminergic ther- 
APY: It is likely that both NMDA and 
non-NMDA glutamate receptor an- 
tagonists will be useful adjuncts in the 
treatmentof NMS, since bothclasses of 
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antagonist have antiparkinsonian ef- 
fects and reduce rigidity and may 
potentiate the therapeutic effects of 
dopaminergic agonists. 

The possible role of the glutamater- 
gic system in the pathobiology of 
schizophrenia is intriguing. Phencycli- 
dine, a noncompetitive NMDA recep- 
tor antagonist, produces a psychosis 
that closely resembles schizophrenia. 
Phencyclidine-induced psychosis oc- 
curs at serum and cerebrospinal fluid 
levels at which this drug interacts se- 
lectively with the NMDA receptor.’ 
This, together with work” suggesting 
reduced glutamatergic transmission in 
schizophrenia, provides a rationale for 
considering the use of NMDA agonists 
for treatment of schizophrenia. 
Clearly, potent NMDA agonists can- 
not be considered for clinical use be- 
cause of their excitotoxic potential. On 
the other hand, it may be possible to 
target the glycine “co-agonist” site on 
the NMDA receptor for therapeutic in- 
tervention. Partial or full agonists at 
this site may prove beneficial clinically 
without producing excitotoxicity. This 
approach has been undertaken by 
Nussenzveig and colleagues,’ who 
have administered high-dose glycine 
to schizophrenic patients. Preliminary 
results from a double-blind study sug- 
gest that treatment with glycine leads 
to significant improvement in negative 
symptoms (Positive and Negative 
Syndrome Scale).’ 

Although manipulation of gluta- 
matergic neurotransmission is gener- 
ally considered in terms of neuropro- 
tection, it seems likely that symptom- 
atic therapies will also ensue. 
Treatment of Parkinson’s disease, 
NMS, and schizophrenia may each 
benefit from therapeutic modulation 
of the glutamate system. 

J. TIMOTHY GREENAMYRE, MD, 
PHD 

Departments of Neurology, 
Neurobiology and 
Anatomy, and 
Pharmacology 

University of Rochester 

601 Elmwood Ave, Box 673 

Rochester, NY 14642 
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Lyme Disease Revisited 


To the Editor—Bravo for Finkel and 
Halperin for their excellent review ar- 
ticle’ on nervous system involvement 
by Lyme disease! The article was lucid, 
temperate, and thoroughly refreshing. 

I especially enjoyed the authors’ 
commonsense view of the need to ad- 
here to strict scientific principles when 
diagnosing Lyme involvement in pa- 
tients with chronic fatigue syndromes 
or sleep disorders. We must be care- 
ful to avoid the expansion of unprov- 
able diagnostic criteria to such disor- 
ders, for the potential exists that do- 
ing so could create a crisis of accusa- 
tion, blame, litigation, and professional 
rhetoric that could further contribute 
to explosive escalations in health care 
costs. 

Since routinely using Western blot 
techniques to confirm Lyme serologic 
test results in our practice, we have 
seen a marked reduction in the number 
of patients heretofore empirically 
treated with several thousand dollars 
worth of home parenteral antibiotics 
“just to cover all the bases” and render 
moot the potential diagnosis of Lyme 
disease as a component to varied clin- 
ical complaints. We need to advance 
rigorous concepts of what is and what 
is not Lyme disease, and the article by 
Finkel and Halperin is an excellent first 
step in reaffirming logic and common 
sense to a difficult clinical situation. 

HAROLD B. GOLDMAN, MD 
45A Hancock St 
Cambridge, MA 02139 

1. Finkel MJ, Halperin JJ. Nervous system 
Lyme borreliosis: revisited. Arch Neurol. 1992; 
49:102-107. 
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Depakote” is a different kind of anticonvulsant. 


PHENYTOIN CARBAMAZEPINE 





It’s a fatty-acid compound. Not an aromatic-ring compound. 


Which makes it a different chemical structure. A structure that doesn’t induce metabolic enzymes. 


Think about that the next time your results are less than you expected. 
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DIVALPROEX SODIUM 
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DIVALPROEX SODIUM 
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WARNING: 

HEPATIC FAILURE RESULTING IN FATALITIES HAS OCCURRED IN 
PATIENTS RECEIVING VALPROIC ACID AND ITS DERIVATIVES. EXPERI- 
ENCE HAS INDICATED THAT CHILDREN UNDER THE AGE OF TWO YEARS 
ARE AT A CONSIDERABLY INCREASED RISK OF DEVELOPING FATAL HEP- 
ATOTOXICITY, ESPECIALLY THOSE ON MULTIPLE ANTI-CONVULSANTS, 
THOSE WITH CONGENITAL METABOLIC DISORDERS. THOSE WITH SEVERE 
SEIZURE DISORDERS ACCOMPANIED BY MENTAL RETARDATION, AND 
THOSE WITH ORGANIC BRAIN DISEASE. WHEN DEPAKOTE IS USED IN 
THIS PATIENT GROUP, IT SHOULD BE USED WITH EXTREME CAUTION 
AND AS A SOLE AGENT. THE BENEFITS OF SEIZURE CONTROL SHOULD BE 
WEIGHED AGAINST THE RISKS. ABOVE THIS AGE GROUP, EXPERIENCE 
HAS INDICATED THAT THE INCIDENCE OF FATAL HEPATOTOXICITY 
DECREASES CONSIDERABLY IN PROGRESSIVELY OLDER PATIENT 


THESE INCIDENTS USUALLY HAVE OCCURRED DURING THE FIRST SIX 
MONTHS OF TREATMENT. SERIOUS OR FATAL HEPATOTOXICTFY MAY BE 
PRECEDED BY NON-SPECIFIC SYMPTOMS SUCH AS LOSS OF SEIZURE 
CONTROL, MALAISE, WEAKNESS. LETHARGY, FACIAL EDEMA, 
ANOREXIA, AND VOMITING. PATIENTS SHOULD BE MONITORED CLOSELY 
FOR APPEARANCE OF THESE SYMPTOMS. LIVER FUNCTION TESTS 
SHOULD BE PERFORMED PRIOR TO THERAPY AND AT FREQUENT INTER- 
VALS THEREAFTER, ESPECIALLY DURING THE FIRST SIX MONTHS. 


DESCRIPTION 

Divalproex sodium is a stable co-ordination compound comprised of sodium valproate and 

valproic acid in a |:1 molar relationship and formed during the partial wes tone of 

A tt acid with 0.5 equivalent of sodium hydroxide. Chemically it is designated as 
um hydrogen bis(2-propylpentanoate), Divalproex sodium has the following structure: 
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Dival sodium occurs as a white powder with a characteristic odor. 

DEPAKOTE tablets and Sprinkle capsules are Yo for oral administration. 
DEPAKOTE Spri capsules contain specially coated particles of divalproex sodium 
equivalent to 125 mg of valproic acid in a hard gelatin capsule. DEPAKOTE tablets are 
supplied in three dosage strengths containing divalproex sodium equivalent to 125 mg. 
250 mg, or 500 mg of valproic acid. 


inactive Ingredients 
125 mg Spnnkle capsules: cellulosic pol D&C Red No. 28, FD&C Blue No. 1, 
gelatin, iron oxide, magnesium stearate, silica gel. titanium dioxide, and triethyl citrate. 
DEPAKOTE tablets: cellulosic polymers, diacetylated monoglycerides, povidone, 
pregelatinized starch (contains com starch), silica gel, talc, titanium dioxide, and vanillin 
addition, individual tablets contain: 
125 mg tablets: FD&C Blue No. | and FD&C Red No. 40. 
250 mg tablets: FD&C Yellow No. 6 and iron oxide. 
500 mg tablets: D&C Red No. 30, FD&C Blue No. 2, and iron oxide. 


CUNICAL PHARMACOLOGY 

Divalproex sodium is an antiepileptic agent which dissociates to the valproate ion in the 
gastrointestinal tract. The mechanism by which valproate exerts its anticpileptic effects has 
not been established. It has been suggested that its activity is related to increased brain lev- 
els of gamma-aminobutyric acid (GABA). 

Equivalent oral doses of DEPAKOTE (divalproex sodium) products and DEPAKENE 
(valproic acid) capsules deliver equivalent ies of valproate ion systemically. How- 
ever, the rate of valproate ion absorption may vary with the conditions of use (eg, fasting 
or postprandial) and the method of administration (eg, whether the contents of the capsule 
are sprinkled on food or the capsule is taken intact). 
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observed approximately 3 to 4 hours following administration of all DEPAKOTE products. 
Experiments indicate that feeding can influence the rate of systemic ion of val- 


proate. In studies in which the contents of DEPAKOTE (divalproex sodium) Sprinkle cap- 
sules were sprinkled on applesauce, feeding was found to delay the time to peak plasma 
ion by imately 1.5 hours. 

Compared to DEPAKOTE tablets, however, DEPAKOTE Sprinkle capsules (in the 
fasting state) exhibit a slower rate of absorption, resulting in lower peak plasma concentra- 
tions (ic, fluctuations between minimum and maximum plasma valproate concentrations 
are attenuated). 

While absorption rate from the G.I. tract and fluctuation in valproate plasma concentra- 
tions vary with dosing regimen and formulation, the efficacy of valproate in chronic use is 
not affected. Experience employing dosing regimens from once-a-day to four-times-a-day, 
as well as studies in primate epilepsy models involving constant rate infusion, indicate that 
total daily systemic bioavailability (extent of absorption) is the primary determinant of 
seizure control and that differences in the ratios of plasma peak to trough concentrations 
between valproate formulations are inconsequential a practical clinical standpoint. 

Accordingly, coadministration of oral valproate products with food and substitution 
among the various DEPAKOTE and DEPAKENE formulations should cause no clinical 
problems (see DOSAGE AND ADMINISTRATION). Nonetheless, any changes in dosage 
administration, or the addition or discontinuance of concomitant drugs should ordinarily 
be accompanied by close monitoring of clinical status and valproate plasma concentra- 
tions. 


The plasma half-life of valproate is typically in the range of 6 to 16 hours. Half-lives in 
the lower part of the range are usually found in patients taking other antiepileptic drugs 
capable of enzyme induction 

Valproate is primarily metabolized in the liver. The major metabolic routes are glu- 
curonidation, mitochondrial beta oxidation, and microsomal oxidation. The major metabo- 
lites formed are the glucuronide conjugate, 2-propyl-3-keto-pentanoic acid, and 
2-propyl-hydroxypentanoic acids. Other un metabolites have been reported. The 
Major route of elimination of these metabolites is in the urine. 

Patients on monotherapy will generally have longer half-lives and higher concentra 
tions of valproate at a given dosage than patients receiving polytherapy. This is pnmarily 
due to enzyme induction caused by other antiepileptics, which results in enhanced clear- 
ance of valproate by glucuronidation and microsomal oxidation. Because of these changes 
in valproate clearance, monitoring of antiepileptic concentrations should be intensified 
whenever concomitant antiepileptics are introduced or withdrawn. 

The therapeutic range is commonly considered to be 50 to 100 mcg/mL of total val- 
proste, although some patients may be controlled with lower or higher plasma concentra 
tions.’ Valproate is highly bound (90%) to plasma proteins in the therapeutic range; 
however, protein binding is concentration-dependent and decreases at high valproate con- 
centrations. The binding is vanable among patients and may be affected by fatty acids or by 
highly bound drugs such as salicylate. Some clinicians favor monitoring free valproate com 
centrations, which may more accurately reflect CNS penetration of valproate. As yet, a con- 
sensus on the therapeutic range of free concentrations has not been established: however, 
monitoring total and free valproste may be informative when there are changes in clinical 
status. concomitant medication, or valproate dosage. 


INDICATIONS AND USAGE 
DEPAKOTE (divalproex sodium) is indicated for use as sole and adjunctive therapy in the 
treatment of simple and complex absence seizures, and adjunctively in patients with multi- 
ple seizure types that include absence seizures 

Simple absence is defined as very brief clouding of the sensorium or loss of conscious- 
ness accompanied by certain generalized epileptic discharges without other detectable 
clinical signs. Complex absence is the term used when other signs are also present. 


SEE W S FOR STATEMENT REGARDING FATAL HEPATIC DYSFUNC- 
TION. 
CONTRAINDICATIONS 


DIVALPROEX SODIUM SHOULD NOT BE ADMINISTERED TO PATIENTS WITH 
HEPATIC DISEASE OR SIGNIFICANT DYSFUNCTION, 
Divalproex sodium is contraindicated in patients with known hypersensitivity to the 


WARNINGS 

Hepatic failure resulting in fatalities has occurred in patients receiving valproic acid. 
These incidents usually have occurred during the first six months of treatment. Seri- 
ous or fatal totoxicity may be preceded by non-specific symptoms such as loss of 
seizure control, malaise, weakness, lethargy, facial edema, anorexia, and vomiting. 
Patients should be monitored closely for appearance of these symptoms. Liver func- 
tion tests should be performed prior to therapy and at frequent intervals thereafter, 


especially during the first six months. However, physicians should not rely totally on 
serum biochem since these tests may not be abnormal in all instances, but should 
also consider the results of careful interim medical pt and pipea examination. 
Caution should be observed when administering DEPA products to patients 
with a prior history of hepatic disease. Patients on multiple anticonvulsants, children, 
those with congenital metabolic disorders, those with severe seizure disorders accom- 
panied by mental retardation, and those with organic brain disease may be at partic- 
ular risk. Experience has indicated that children under the age of two years are at a 
considerably increased risk of developing fatal totoxicity, especiali those with 
the aforementioned conditions. When DEPAKOTE Is used in this patient group, it 
should be used with extreme caution and as a sole agent. The benefits of seizure con- 
trol should be the risks. Above this age group, experience has indi- 
cated that the incidence of fatal hepatotoxicity decreases considerably in 
progressively older patient 

The drug should be discontinued immediately in the presence of significant hep- 
atic dysfunction, suspected or apparent. In some cases, hepatic dysfunction has pro- 
gressed in spite of discontinuation of drug. 

The frequency of adverse effects (particularly elevated liver enzymes) may be dose- 
related. The benefit of i seizure contro] which may accompany the higher doses 
should therefore be weighed against the possibility of a greater incidence of adverse 
effects. 

Usage in Pregnancy: ACCORDING TO PUBLISHED AND UNPUBLISHED 
REPORTS, VALPROIC ACID MAY PRODUCE TERATOGENIC EFFECTS IN THE 
OFFSPRING OF HUMAN FEMALES RECEIVING THE DRUG DURING PREG- 
NANCY. 

THERE ARE MULTIPLE REPORTS IN THE CLINICAL LITERATURE WHICH 
INDICATE THAT THE USE OF ANTIEPILEPTIC DRUGS DURING PREGNANCY 
RESULTS IN AN INCREASED INCIDENCE OF BIRTH DEFECTS IN THE OFF- 
SPRING. ALTHOUGH DATA ARE MORE EXTENSIVE WITH RESPECT TO 
TRIMETHADIONE, PARAMETHADIONE, PHENYTOIN, AND PHENOBARBITAL, 
REPORTS INDICATE A POSSIBLE SIMILAR ASSOCIATION WITH THE USE OF 
OTHER ANTIEPILEPTIC DRUGS. THEREFORE, ANTIEPILEPTIC DRUGS 
SHOULD BE ADMINISTERED TO WOMEN OF CHILDBEARING POTENTIAL 
ONLY IF THEY ARE CLEARLY SHOWN TO BE ESSENTIAL IN THE MANAGE- 
MENT OF THEIR SEIZURES 

THE INCIDENCE OF NEURAL TUBE DEFECTS IN THE FETUS MAY BE 
INCREASED IN MOTHERS RECEIVING VALPROATE DURING THE FIRST 
TRIMESTER OF PREGNANCY. THE CENTERS FOR DISEASE CONTROL (CDC) 
HAS ESTIMATED THE RISK OF VALPROIC ACID EXPOSED WOMEN 
HAVING CHILDREN WITH SPINA BIFIDA TO BE APPROXIMATELY | TO 2%.' 

OTHER CONGENITAL ANOMALIES (EG, CRANIOFACIAL DEFECTS, CAR- 
DIOVASCULAR MALFORMATIONS AND ANOMALIES INVOLVING VARIOUS 
BODY SYSTEMS), COMPATIBLE AND INCOMPATIBLE WITH LIFE, HAVE BEEN 
REPORTED. SUFFICIENT DATA TO DETERMINE THE INCIDENCE OF THESE 
CONGENITAL ANOMALIES IS NOT AVAILABLE. 

THE HIGHER INCIDENCE OF CONGENITAL ANOMALIES IN ANTIEPILEPTIC 
DRUG-TREATED WOMEN WITH SEIZURE DISORDERS CANNOT BE 
REGARDED AS A CAUSE AND EFFECT RELATIONSHIP. THERE ARE INTRINSIC 
METHODOLOGIC PROBLEMS IN OBTAINING ADEQUATE DATA ON DRUG 
TERATOGENICIFY IN HUMANS; GENETIC FACTORS OR THE EPILEPTIC CON- 
DITION ITSELF, MAY BE MORE IMPORTANT THAN DRUG THERAPY IN CON- 
TRIBUTING TOCONGENITAL ANOMALIES. 

PATIENTS TAKING VALPROATE MAY DEVELOP CLOTTING ABNORMALI- 
TIES. A PATIENT WHO HAD LOW FIBRINOGEN WHEN TAKING MULTIPLE 
ANTICONVULSANTS INCLUDING VALPROATE GAVE BIRTH TO AN INFANT 
WITH AFIBRINOGENEMIA WHO SUBSEQUENTLY DIED OF HEMORRHAGE. IF 
VALPROATE IS USED IN PREGNANCY, THE CLOTTING PARAMETERS 
SHOULD BE MONITORED CAREFULLY. 

HEPATIC FAILURE, RESULTING IN THE DEATH OF A NEWBORN AND OF 
AN INFANT, HAVE BEEN REPORTED FOLLOWING THE USE OF VALPROATE 
DURING PREGNANCY. 

ANIMAL STUDIES ALSO HAVE DEMONSTRATED VALPROATE INDUCED 
TERATOGENICITY. Studies in rats and human females demonstrated placental transfer 
of the drug. Doses greater than 65 mg/kg/day given to pregnant rats and mice produced 
skeletal abnormalities in the offspring, primarily involving ribs and vertebrae; doses 
greater than 150 mg/kg/day given to pregnant rabbits produced fetal resorptions and (pri- 
marily) soft-tissue abnormalities in the offspring. In rats a dose-related delay in the onset 
of parturition was noted. Postnatal growth and survival of the progeny were adversely 
affected, particularly when drug administration spanned the entire gestation and early lac- 
tation period. 

Antiepileptic drugs should not be discontinued in patients in whom the drug is adminis- 
tered to prevent major seizures because of the strong possibility of precipitating status 
epilepticus with attendant hypoxia and threat to life. In individual cases where the severity 
and frequency of the seizure disorder are such that the removal of medication does not pose 
a serious threat to the patient, discontinuation of the drug may be considered prior to and 
dunng pregnancy, although it cannot be said with any confidence that even minor seizures 
do not pose some hazard to the developing embryo or fetus. 

The prescribing physician will wish to weigh these considerations in treating or coun- 
seling epileptic women of childbearing potential. 

Tests to detect neural tube and other defects using current accepted procedures should 
be considered a part of routine prenatal care in childbearing women receiving valproate. 


PRECAUTIONS 
Hepatic Dysfunction: See BOXED WARNING, CONTRAINDICATIONS AND WARN- 
INGS 


General: Because of reports of thrombocytopenia, inhibition of the secondary phase of 
platelet aggregation, and abnormal coagulation parameters, (eg, low fibrinogen). platelet 
counts and coagulation tests are recommended before initiating therapy and at periodic 
intervals. It is recommended that patients receiving DEPAKOTE (divalproex sodium) be 
monitored for platelet count and coagulation parameters prior to planned surgery. Evi- 
dence of hemorrhage. bruising, or a disorder of hemostasis/coagulation is an indication for 
reduction of the dosage or withdrawal of therapy. 

H with or without lethargy or coma has been reported and may be pre- 
sent in the absence of abnormal liver function tests. Asymptomatic elevations of ammonia 
are more common and when present require more frequent monitoring. If clinically signif- 
icant symptoms occur, DEPAKOTE therapy should be modified or discontinued. 

Since valproate may interact with concurrently administered antiepileptic drugs, peri- 
odic plasma concentration determinations of concomitant antiepileptic drugs are recom- 
mended during the early course of therapy. (See DRUG INTERACTIONS). 

Valproate is partially climinated in the urine as a keto-metabolite which may lead to a 
false interpretation of the urine ketone test. 

There have been reports of altered thyroid function tests associated with valproate. The 
clinical significance of these is unknown 

Information for Patients: Since DEPAKOTE products may produce CNS depression, 
especially when combined CNS depressants (eg, alcohol), patients should be advised not 
to engage in hazardous activities, such as driving an automobile or operating dangerous 
machinery, until it is known that they do not become drowsy from the drug. 

The specially coated particles in DEPAKOTE Sprinkle capsules have been observed in 
the stool, but this occurrence has not been associated with clinically significant effects. 

Drug Interactons: Valproate may potentiate the action of CNS depressants (ic, alco- 
hol, benzodiazepines, etc). 

The concomitant administration of valproate with drugs that exhibit extensive protein 
binding (eg, aspirin, carbamazepine, dicumarol, and phenytoin) may result in alteration of 
serum drug concentrations. 

There is evidence that valproate can cause an increase in serum phenobarbital concen- 
trations by impairment of nonrenal clearance. This phenomenon can result in severe CNS 
depression. The combination of valproate and phenobarbital has also been reported to pro- 
duce CNS depression without significant elevations of barbiturate or valproate serum con- 
centrations. All patients receiving concomitant barbiturate therapy should be close! 
monitored for neurological toxicity. Serum barbiturate concentrations should be obtai 
if possible, and the barbiturate dosage decreased, if appropriate. 

Primidone is metabolized to a barbiturate and, therefore, may also be involved in a sim- 
ilar or identical interaction. 

There have been reports of breakthrough seizures occurring with the combination of 
valproate and phenytoin. Most reports have noted a decrease in total plasma phenytoin 
concentration. However, increases in total plasma phenytoin concentration, however, 
increases in total phenytoin serum concentration have been reported. An initial fall with 
subsequent increase in total phenytoin concentrations has also been reported. In addition, a 
decrease in total serum phenytoin with an increase in the free vs. protein bound phenytoin 
concentrations has been reported. The dosage of phenytoin should be adjusted as required 
by the clinical situation 

The concomitant use of valproic acid and clonazepam may induce absence status in 
patients with a history of absence type seizures. 

There ts inconclusive evidence regarding the effect of valproate on serum ethosuximide 
concentrations. Patients receiving valproate and a e A especially along with other 
anticonvulsants, should be monitored for alterations in serum concentrations of both drugs. 

Caution is recommended when valproate is used with drugs affecting coagulation (eg, 
aspirin, warfarin). See ADVERSE REACTIONS. 

Evidence suggests that there is an association hetween the use of certain antiepileptics 
and failure of oral contraceptives. One explanation for this interaction is that enzyme- 
inducing anticpileptics effectively lower plasma concentrations of the relevant steroid hor- 
mones, resulting in unimpaired ovulation. However, other mechanisms. not related to 
enzyme induction, may contribute to the failure of oral contraceptives. While valproate is 
not a significant enzyme inducer, and, therefore, would not be expected to decrease con- 
centrations of steroid hormones, clinical data about the interaction of valproate with oral 
contraceptives is minimal.’ 

Carcinogenesis. Valproic acid was administered to Sprague Dawley rats and ICR 


(HA/ICR) mice at doses of 0, 80, and 170 mg/kg/day for two years. A vanety of neo- 
plasms were observed in both species. The chief findings were statistically significant 
increase in the incidence of subcutaneous fibrosarcomas in high dose male rats receiving 
valproic acid and a statistically significant dose-related trend for benign pulmonary adeno- 
mas in male mice receiving valproic acid. The significance of these findings for humans is 
unknown. 

Mutagenesis: Studies of valproate have been performed using bacterial and mammalian 
systems. These studies have provided no evidence of a mutagenic potental for valproate. 

Fertility: Chronic toxicity studies in juvenile and adult rats and dogs demonstrat 
reduced spermatogenesis and testicular atrophy at doses greater than 200 mg’ kg/day tn 
and greater than 90 mg/kg/day in dogs. Segment I fertility studies in rats have shown doses 
up to 350 mg/kg/day for 60 days to have no effect on fertility. THE EFFECT OF VAL- 
PROATE ON TESTICULAR DEVELOPMENT AND ON SPERM PRODUCTION AND 
FERTILITY IN HUMANS IS UNKNOWN. 

Pregnancy Pregnancy Category D: See WARNINGS. 

Nursing Mothers: Valproate is excreted in breast milk. Concentrations in breast milk 
have been reported to be 1-10% of serum concentrations. It is not known what effect this 
would have on a nursing infant. Caution should be exercised when divalproex sodium is 
administered to a nursing woman. 


ADVERSE REACTIONS 

Since divalproex sodium has usually been used with other antiepileptic drugs, it is not possi 
ble, in most cases, to determine whether the following adverse reactions can be ascribed to 
divalproex sodium alone, or the combination of drugs. 

Gastrointestinal: The most commonly reported side effects at the initiation of therapy 
are nausca, vomiting, and indigestion. These effects are usually transient and rarely require 
discontinuation of therapy. Diarrhea, abdominal cramps. and constipation have been 
reported. Both anorexia with some weight loss and increased appetite with weight gain 
have also been reported. The administration of delayed-release divalproex sodium may 
result in reduction of gastrointestinal side effects in some patients.’ 

CNS Effects: Sedative effects have occurred in patients receiving valproate alone but 
occur most often in patients receiving combination therapy. Sedation usually abates upon 
reduction of other antiepileptic medication. Tremor (may be dose-related). hallucinations, 
ataxia, headache, nystagmus, diplopia, asterixis, “spots before eyes”, dysarthria. dizziness 
and incoordination. Rare cases of coma have occurred in patients receiving valproate alone 
or in conjunction with phenobarbital. In rare instances encephalopathy with fever has 
developed shortly after the introduction of valproate monotherapy without evidence of 
hepatic dysfunction or inappropriate plasma levels; all patients recovered after the drug 
was withdrawn. 

Dermatologic: Transient hair loss, skin rash, photosensitivity, generalized pruritus, wi 
thema multiforme, and Stevens-Johnson syndrome. A case of fatal epidermal necroly 
has been reported in a 6 month old infant taking valproate and several other concomitant 
medications. 

Psychiatric: Emotional upset, depression, psychosis, aggression, hyperactivity and 
behavioral deterioration. 

Musculoskeletal: Weakness. 

Hematologic: Thrombocytopenia and inhibition of the secondary phase of platelet 
aggregation may be reflected in altered bleeding time, petechiac, bruising. hematoma for- 
mation and frank hemorrhage (see PRECAUTIONS — General and Drug Interactions). 
Relative lymphocytosis, macrocytosis, hypofibrinogenemia, leukopenia, ecsinophilia, ane- 
mia including macrocytic with or without folate deficiency, bone marrow suppression. and 
acute intermittent porphyria. 

Hepatic: Minor elevations of transaminases (eg. SGOT and SGPT) and LDH are fre- 
quent and appear to be dose related. Occasionally, laboratory test results include increases 
in serum bilirubin and abnormal changes in other liver function tests. These results may 
reflect potentially serious hepatotoxicity (see WARNINGS) 

Endocrine. Irregular menses, secondary amenorrhea, breast enlargement. galactorrhea 
and parotid gland swelling. Abnormal thyroid function tests (see PRECAUTIONS). 

Pancreatic. Acute pancreatitis, including fatalities. 

Metabolic: Hyperammonemia (see PRECAUTIONS), hyponatremia. and inappropriate 
ADH secretion. 

Decreased carnitine concentrations have been reported although the clinical relevance 
is undetermined. 

Hyperglycinemia has occurred and was associated with a fatal outcome m a patent with 
preexistent nonketotic hyperglycinemia. 

Genitourinary: Enuresis. 

Special Senses: Hearing loss, cither reversible or irreversible, has been reported: how- 
ever, a cause and effect relationship has not been established. 

Other: Edema of the extremities, lupus erythematosus, and fever. 


OVERDOSAGE 
Overdosage with valproate may result in somnolence, heart block. and deep coma Feali- 
ties have been reported. 4 
The benefit of gastric lavage or emesis will vary with the time since ingesnon. Genes 
supportive measures should be applied with particular attention to the maintenance of ade- 
quate urinary output. 
Naloxone has been ed to reverse the CNS depressant effects of valproate over- 
dosage. Because naloxone could theoretically also reverse the antiepileptic effects of val- 
proate, it should be used with caution. 


DOSAGE AND ADMINISTRATION 

DEPAKOTE tablets and Sprinkle capsules are administered orally. The recommended ini- 
tial dose is 15 mg/kg/day, increasing at one week intervals by 5 to 10 me'keg/day until 
seizures are controlled or side effects preclude further increases. The maximum recom- 
mended dosage is 60 mg/kg/day. If the total daily dose exceeds 250 mg. it should be given 
in a divided regimen. 

Administration of Sprinkle Capsule: DEPAKOTE Sprinkle capsules may be swallowed 
whole or may be administered by carefully opening the capsule and sprinkling the enure 
contents on a small amount (teaspoonful) of soft food such as applesauce or pudding. The 
drug/food mixture should be swallowed immediately (avoid chewing) and not stored for 
future use. Each capsule is oversized to allow ease of opening 

Conversion from DEPAKENE to DEPAKOTE: In patients previously receiving 
DEPAKENE (valproic acid) therapy, DEPAKOTE products should be initiated at the 
same daily dose and dosing schedule. After the patient is stabilized on a DEPAKOTE 
product. a dosing schedule of two or three times a day may be elected in selected panents.* 

DEPAKOTE products provide equal extents of absorption, although they may not pro- 
duce identical trough and peak valproate concentrations. DEPAKOTE tablets produce 
slightly higher peak concentrations than DEPAKOTE Sprinkle capsules. Such differences 
in the maximum and minimum valproate plasma concentrations are unlikely to be of clini- 
cal significance; however, changes in dosage administration of valproate or concomitant 
medications should be accompanied by increased monitoring of plasma concentrations of 
valproate and other medications, as well as the patient's clinical status 

The frequency of adverse effects (particularly elevated liver enzymes) may be dose- 
related. The benefit of improved scizure control with higher doses should be weighed 
against the possibility of a greater incidence of adverse reactions. 

A good correlation has not been established between daily dose. serum concentration 
and therapeutic effect. However, therapeutic valproate serum concentrations for most 
patients will range from $0 to 100 mcg/ml. Some patients may be controlled with lower 
or higher serum concentrations (see CLINICAL PHARMACOLOGY) i 

As the DEPAKOTE dosage is titrated upward, blood concentrations of phesobastid 
and/or phenytoin may be affected. (See PRECAUTIONS). i 

Patients who experience G. I. irritation may benefit from administration of the drug 
with food or by slowly building up the dose from an initial low level 


HOW SUPPLIED 
DEPAKOTE Sprinkle capsules (divalproex sodium coated particles in capsules), 125 mg, 
are white opaque and blue, and are supplied in bottles of 100 (NDC 0074-611413) and 
Abbo-Pac* unit dose packages of 100 (NDC 0074-61 14-11). 

DEPAKOTE tablets (divalproex sodium delayed-release tablets) are supplied as 





125 mg salmon pink-colored tablets: 

ONE SNE MOND carts i a n ises ANDO 0074-6212-13) 
Abbo-Pac® unit dose packages of 100..........cccccccccssesccseesessseseseeen (NDC 0074-6212-11) 
250 mg peach-colored tablets: 

R U EM apakes E E E E E (NDC 0074-62141) 
N IE UN ascend EAE ES E SESE PAN. (NDC 0074-6214-$3) 
Abbo-Pac® unit dose packages of 00 ......0..0..cccccccccseesssesssoneeecnses (NDC 0074-6214-11) 
500 mg lavender-colored tablets: 

Bottles of 100....... LS ee iiris WAM 0074-6215-1 2) 
ERMINE S CHE PON cag snes sash csasicsevetecteszevosssacsvensocasconengepnithsiiensensisn OAS 
Abbo-Pac" unit dose packages of 100._......... NEES (NDC 0074-6215-11) 


Recommended Storage: Store tablets below 86°F (30°C). 
Store capsules below 77°F (25°C). 


REFERENCES 

1. Centers for Disease Control, valproate: a new cause of hirth defects—tepon from Italy 
and follow-up from France. Morbidity and Mortality Weekly Report. 1983, 32133): 
448-499 

2. Mattson, RH, et al. Use of oral contraceptives by women with epilepsy JAMA 1986 
2562): 238-240 Sw 

3. Wilder, BJ, et al. Gastrointestinal tolerance of divalproex sodium. Neurology 198% 13 
808-811. 

4. Wilder BJ, ct al. Twice-daily dosing of valproate with divalproex. Clon Pharmacol Ther. 
198 3, 3.444): 501-504 

5. Hurst DL. Expanded therapeutic range of valproate. Pediatr Neurol 1987, 3 341. U4 

Revised: February, 1992 

Caution — Federal (USA) Law prohibits dispensing without presenptica 


4 


g> 


Original Contribution 





A Large New England Kindred With 
Autosomal Dominant Neurogenic Scapuloperoneal 
Amyotrophy With Unique Features 


Robert DeLong, MD, Teepu Siddique, MD 


e We describe a large New England kindred bearing an au- 
tosomal dominant syndrome of neurogenic amyotrophy 
with variable expression. Features include congenital ab- 
sence of muscles, progressive scapuloperoneal atrophy, la- 
ryngeal palsy, and progressive distal weakness and atrophy. 
The pattern of expression and progression varies in differ- 
ent branches of the family. Males are more severely affected 
than females. Disease expression is more severe and pro- 
gressive in succeeding (third and fourth) generations. This 
striking increase in severity and progressivity in succeeding 


_ generations may have genetic implications. The syndrome 
“most resembles the Stark-Kaeser chronic scapuloperoneal 


amyotrophy, but is considered a distinct entity. 
(Arch Neurol. 1992;49:905-908) 


A large New England kinship of French-Canadian ori- 
gin was found to have a syndrome of neurogenic 
amyotrophy running through five generations. We ob- 
tained information on 65 family members, 20 of whom 
were affected. Eight were followed up and reexamined 
over 20 years. Affected individuals in the first two gener- 
ations had only “round shoulders” or “clubfoot” with 
minimal and nonprogressive functional impairment, com- 
patible with normal activity into advanced age. Some in the 
third generation have significant but nonprogressive func- 
tional impairments. In contrast, in the fourth generation 
some affected individuals have congenital weakness or 
absence of muscle groups, and most have progressive dis- 
ease leading to severe disability by late adolescence 
(including loss of ambulation, severe hand weakness, or 
laryngeal palsy requiring permanent tracheostomy). 

We believe that the disease in this family represents a 
new entity with clinical features of genetic interest. Link- 
age analysis, not reported herein, is in progress. 
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REPORT OF CASES 


CASE 1 (II.2.2.1).—This patient's features in infancy included 
torticollis and mild congenital hip dysplasia. He walked at 15 
months of age. Mental development was bright normal (as it was 
in all family members). On examination at the age of 4 years, he 
had mild right abducens weakness, mild paresis of facial move- 
ments bilaterally, and slight limitation of head turn to the left. 
Neck flexion was weak. His shoulders were rounded and the 
scapulae placed far laterally. His arms could be elevated above the 
horizontal only when they were extended forward. There was at- 
rophy of muscle bulk in the posterior trapezius, rhomboids, su- 
praspinatus, and infraspinatus. The remainder of the musculature 
of the shoulder girdle and arms was normal in bulk and strength, 
as was that of the trunk. The patient’s legs were small and under- 
developed; his left leg was 11 cm shorter than the right, with 
marked metatarsus varus. The hip extensors, hamstrings, and 
gastrocnemii were very weak, more so on the left. On the left, 
there was no eversion of the foot, and the long toe extensors and 
flexors were weak, but the anterior and posterior tibial muscles 
were strong. On the right, there was weakness of all muscles be- 
low the knee. Muscle bulk was correspondingly diminished. 
Deep tendon reflexes were trace in the upper extremities and un- 
obtainable in the lower. Plantars were flexor. No fasciculations 
were detectable. Sensation was intact throughout to all modali- 
ties. Sphincter function was normal. Gait was wide based, lurch- 
ing, and hyperlordotic. Gower’s sign was strongly positive. 

Electromyography showed a few fibrillation potentials in the 
left anterior tibial muscle. Some high-amplitude (4- to 7-mV) mo- 
tor units were seen in the rhomboid and deltoid muscles. Motor 
conduction velocity in the peroneal nerve was 36 m/s. An ortho- 
dromic sensory potential was recorded from the left median 
nerve. A myelogram was normal. A left gastrocnemius biopsy 
specimen showed grouped atrophy. An electroencephalogram 
was normal. Aspartate aminotransferase, aldolase, creatine ki- 
nase, calcium, phosphorus, and blood and urine amino acid and 
organic acid levels were normal, as were the findings of the cere- 
brospinal fluid examination. 

At the age of 22 years, the patient had wasted and weak hands, 
scoliosis, and storklike legs, and walked with calipers (Fig 1). 
There was moderate bilateral abducens weakness, right more 
than left. 

CASE 2 (II.2.2.2).—This patient, the brother of patient 1, walked 
at 18 months of age. At the age of 2.5 years, his pattern of muscle 
weakness was similar but milder than his brother’s, without in- 
volvement of abducens or facial muscles. At 6 years of age, he had 
marked varus deformity of both feet and progression of the char- 
acteristic waddling gait. Deep tendon reflexes were unobtainable. 
Electromyography showed high-amplitude (7- to 8-mV) motor 
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Fig 1.—Patient 1 (II 2.2.1). Note the thin legs and forearms, rounded 
shoulders, and normal face. 


units in the rhomboid and tibialis anterior tibial muscles. Motor 
nerve conduction velocity in the median nerve was 46 m/s, with 
a distal latency of 3.3 m/s. An orthodromic sensory potential was 
recorded from the medial nerve. A muscle biopsy specimen 
showed denervation with small, intermediate-, and normal-size 
fibers, suggesting a continuing process of neurogenic atrophy. 

At the age of 21 years, the patient had moderate laryngeal palsy 
and weak and atrophic legs distally and proximally, and was un- 
able to walk. Progressive eventration of the right diaphragm had 
been documented by serial roentgenograms. 

CASE 3 (I1.2.2.3).—At birth, this patient, the brother of patients 
1 and 2, had a small left hand and diminished mass of the left 
pectoralis major. Postnatally, he had stridorous respirations. At 2 
years of age, his left forearm was shorter and smaller than his 
right. His left hand was small (metacarpal span, two thirds that 
of the right), with minimal interdigital webbing, clinodactyly, and 
medial deviation of the second, third, and fourth digits. His left 
arm was appreciably weaker. His left pectoralis major was only 
a thin strand of muscle. His shoulders were otherwise normal. 
Tendon reflexes were absent except for 2+ right biceps and right 
ankle jerks. His left foot turned in slightly. Electromyography of 
the rhomboid muscles showed mixed interference patterns dur- 
ing voluntary contraction, with some motor units 5 to 6 mV in 
amplitude. The anterior tibial muscle showed normal motor units. 
Maximal motor conduction velocity in the median nerve was 60 
m/s, with a distal latency of 2.1 ms. An orthodromic sensory po- 
tential was recorded from the median nerve. 

At the age of 18 years, the patient had weakness of left wrist 
extension and supination. The midfascicles of the deltoid muscles 
were markedly atrophic. There was mild winging of the left 
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scapula. There was moderate scoliosis. Tendon reflexes were un- 
changed. Hip flexion on the right was minimally weak. 

CASE 4 (II.2.2).—This patient, the mother of patients 1, 2, and 
3, had lateral placement of the right scapula and could not raise 
her right arm above the horizontal laterally. She was areflexic. 
There was minimal inversion of the left foot, not progressive. 
Electromyography of the left quadriceps and anterior tibial mus- 
cles showed some giant motor units; a few fibrillations were seen 
in the latter. Motor nerve conduction velocity of the peroneal 
nerve was 58 m/s, with a distal latency of 6.0 ms. An orthodro- 
mic sensory potential was recorded from the median nerve. 

Reexamination when the patient was 48 years old revealed no 
progression. 

CASE 5 (I1.2.1).—This patient, the brother of patient 4, had 
difficulty breathing at birth and periodically throughout child- 
hood, requiring a permanent tracheostomy at the age of 14 
years for bilateral laryngeal abductor paralysis. He led an 
active life, working as a carpenter and playing tennis regu- 
larly. Examination at the age of 48 years showed weakness 
limited to the shoulder girdle. Both of his eyes failed of full 
abduction by 2 mm. He was areflexic. Vibration was appreci- 
ated at 128 but not 256 Hz. 

Fifteen years later, his right trapezius muscle was atrophic, his 
neck flexion was weak, and his rhomboid muscles were weak, but 
the other muscles of his upper body were strong. The muscles of 
the lower extremities were now weak, including all muscle 
groups below the knees and the gluteal and right tensor fascia lata 
muscles. 

CASE 6 (II.2.1.2).—This patient, the son of patient 5, had mild 
transient torticollis as an infant. At the age of 7 months, he 
required a permanent tracheostomy because of bilateral laryngeal 
abductor paralysis. At 5 years of age, he had laterally placed 
scapulae and rounded dorsal kyphosis. The supraspinous and 
infraspinous muscles were atrophic bilaterally. The posterior 
portion of the trapezius muscle was absent bilaterally, as were the 
central portions of both deltoid muscles. Arm raising was limited 
in the lateral position. The left foot was inverted, with strength 
absent in eversion and fair in dorsiflexion. He was areflexic; sen- 
sation was normal. By the age of 10 years, there was progression, 
with bilateral foot drop and absent eversion bilaterally. Muscle 
bulk was diminished in both upper and lower extremities. At the 
age of 24 years, he had distal atrophy of the legs, atrophy of the 
intrinsic muscles of the hands, bilateral weakness of the facial 
muscles, and scoliosis. Vibration was appreciated at 128 but not 
256 Hz. 

CASE 7 (II.2.1.1).—This patient, the brother of patient 6, had 
minimal respiratory stridor at 5 months of age. He walked at 2 
years of age. At the age of 6 years, he had round shoulders, def- 
inite weakness of shoulder girdle muscles, an inability to elevate 
the arms when extended laterally, a waddling gait, an inverted 
left forefoot, bilateral foot drop, and a very thin body habitus. He 
was areflexic. A permanent tracheostomy was required at the age 
of 7 years for bilateral laryngeal abductor paralysis. Electromy- 
ography showed no fibrillations, but it did show findings 
suggestive of long-standing denervation of the left lower limb 
muscles, distal more than proximal. At the age of 21 years, the 
patient’s shoulders were weak; he had scapular fusions bilater- 
ally. The intrinsic muscles of his hands were atrophic, and his legs 
were weak with distal atrophy. He had storklike legs and was not 
able to walk on his heels or toes. He also had thoracic scoliosis. 
Vibratory sense was absent in his feet. 

CASE 8 (II.2.1.3).—This patient, the brother of patients 6 and 7, 
was normal when examined at the age of 4 years. By the age of 
18 years, he was hoarse and short of breath because of laryngeal 
palsy. His right shoulder was low, with the posterior deltoid 
atrophic, the scapula displaced laterally with rhomboid weak- 
ness, and the pectoralis weak. The extensor hallucis longus was 
weak bilaterally, and the peronei were strong. Deep tendon 
reflexes were absent in the lower extremities. 

CASE 9 (II.2.1.6).—This patient, the sister of patients 6 and 8, 
was examined at the age of 25 years. She had paralysis of one vo- 
cal cord. The right scapula was laterally placed; the right poste- 
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Fig 2.—Pedigree of the kindred. 


rior deltoid was absent; and the intrinsic muscles of the right hand 
were weak. The extensor hallucis longus was weak bilaterally. 
Deep tendon reflexes were absent in the lower extremities. 

CASE 10 (II.2).—This patient, the mother of patients 4 and 5, was 
examined at the age of 82 years. She was ambulatory with a shuf- 
fling gait, unable to walk on heels or toes. The peroneal muscles 
were strong, but the extensor muscles of the toes were weak. Deep 
tendon reflexes were absent. Her shoulders were strong. 

CASE 11 (I1.6.3).—This patient, the first cousin of patients 4 and 
5, was examined at the age of 48 years. Her shoulders were round, 
scapulae winged, and rhomboids weak. Her hands were slightly 
weak. She was unable to walk on her heels or toes; her peroneal 
muscles were weak. Deep tendon reflexes were absent. Vibratory 
sense was absent at 256 Hz, normal at 128 Hz. 

CASE 12 (II.6.3.1).—This 22-year-old patient, the son of patient 
11, had round shoulders, weak rhomboids, scapular winging, and 
moderately weak deltoids. His arm muscles were weak bilater- 
ally, proximally, and distally. His hands were very weak, and he 
could not extend his fingers. He could not walk on his toes or 
heels. His quadriceps showed mild weakness. Deep tendon 
reflexes were absent. Vibratory sense was absent at 256 Hz, nor- 
mal at 128 Hz. His weakness was progressive. 

CASE 13 (II.6.3.2).—This patient, the sister of patient 12, was 
examined at the age of 21 years. Her pattern was similar to that 
of her brother, but about one half as severe. 

CASE 14 (II.6.1).—This patient, the sister of patient 11, was ex- 
amined at the age of 57 years. She considered herself well, but 
noted decreased strength in her hands, which was verified on ex- 
amination. She had slight difficulty with heel walking. Vibratory 
sense was absent at 256 Hz but normal at 128 Hz. The findings 
of her examination were otherwise normal. 

CASE 15 (II.6.1.1).—This patient, the son of patient 14, was ex- 
amined at the age of 39 years. He carried a diagnosis of Charcot- 
Marie-Tooth disease. He found walking difficult, and tried to 
walk only as necessary for his work. His upper body was heavily 
muscled, but his arms elevated only in the forward position. He 
was unable to walk on his heels but could walk on his toes. Deep 
tendon reflexes were absent. Vibratory sense was normal at 128 
Hz, absent at 256 Hz. 

CASE 16 (II.6.1.1.1).—This patient, the daughter of patient 15, 
was examined at the age of 19 years. Because of her father’s di- 
agnosis, she had been examined carefully throughout childhood. 
Her deep tendon reflexes were normal until she was 8 years old, 
and weakness was progressive thereafter. At the age of 19 years, 
her finger and thumb extension were weak. Her foot abduction 
and dorsiflexion were slightly weak. Deep tendon reflexes were 
absent. Vibration was not perceived at 256 Hz but was normal at 
128 Hz. 
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This kindred is of interest on several grounds. First, it 
includes various syndromes, usually occurring alone, 
characterized by congenital absence of muscle groups: 
these include Poland’s syndrome,’ congenital laryngeal 
abductor palsy,’ clubfoot, and Mobius’ syndrome. Second, 
the kindred demonstrates a continuum between congeni- 
tal static absence of muscles and progressive neurogenic 
muscular atrophy. Third, there is increasing severity and 
progressivity in later generations. Fourth, disease expres- 
sion is modified by sex, being more severe in males, and 
by genetic background, since it takes different form in dif- 
ferent branches of the family (Fig 2). 

The phenomena of earlier onset, greater severity, and 
increasing progressivity in successive generations have 
also been described in myotonic dystrophy? and may have 
general importance. It is tempting to speculate that this re- 
flects an incremental genetic instability, perhaps involving 
progressively greater amounts of genetic material in suc- 
cessive generations. Recent findings of lengthening re- 
peated sequences of DNA in successive generations in 
Kennedy X-linked spinal and bulbar muscular atrophy,’ 
fragile X syndrome,** and myotonic dystrophy” suggest 
a possible mechanism for these phenomena. 

This is a disease of anterior horn cells. Electromyograms 
in eight members in different branches of the family dem- 
onstrated abnormally large motor units. Fibrillations were 
rare, but were recorded in two cases. Nerve conduction 
velocities were normal or only moderately slowed, and 
sensory potentials were consistently normal. Muscle biop- 
sies in four individuals in different branches all demon- 
strated grouped atrophy consistent with spinal neurogenic 
amyotrophy. 

The disease does not fit closely any known entity. It most 
resembles the Stark-Kaeser chronic scapuloperoneal amy- 
otrophy, characterized by autosomal dominant heredity, 
weakness, and amyotrophy with onset in the legs and ex- 
tension to the scapular musculature, areflexia without 
sensory disturbance, and electromyographic and histo- 
logic changes indicative of spinal neurogenic amyotro- 
phy.'?"° Extension to bulbar muscles is sometimes seen, 
and in Kaeser’s’? family, which was observed over five 
generations, the disease became more extensive in the fifth 
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generation, after being uniform in previous generations. 
Differences from our family were primarily the age of on- 
set (30 to 50 years in Kaeser’s family), the initial onset in 
the legs rather than in the scapular musculature, the 
absence of laryngeal palsy, and the greater uniformity of 
the clinical picture. Among the 10 cases of Serratrice et al," 
however, two had the onset at 1 and 4 years of age, 
respectively. Kaeser’? reported the autopsy findings in one 
case, which showed degenerative changes of the large 
neurons of the anterior horns and nuclei of cranial nerves 
7,9, and 10. Probst et al’? reported morphological findings 
from a second member of the same family; at all levels of 
the spinal cord, the number of anterior horn cells was ap- 
parently normal, but there were fibrillar gliosis and a 
strikingly high number of corpora amylacea dispersed 
over the anterior horn. Axonal swellings or “spheroids” 
were seen adjacent to the anterior horns. Muscles showed 
neurogenic atrophy and, curiously, lipid pigment of the 
type seen in neuronal ceroid lipofuscinosis. These patho- 
logic findings definitely distinguished this disease from 
Kugelberg-Welander disease, Charcot-Marie-Tooth dis- 
ease, and myopathic scapuloperoneal atrophy. (The clini- 
cal observations in our kindred’s disease differentiate it 
from these three entities.) 

Young and Harper" described a Welsh family with an 
autosomal dominant distal spinal muscular atrophy, seen 
in five generations, who, with one exception, also had la- 
ryngeal abductor paralysis. The onset of the disease was in 
the teenage years, and the progression was gradual and 
prolonged. There was no sex effect on disease severity. 
Boltshauser et al” described a similar Swiss family who 
also had progressive sensorineural hearing loss—a feature 
not found in our kindred. Another diagnosis to be consid- 
ered is a form of Charcot-Marie-Tooth disease, specifically 
the neuronal type II with dominant inheritance.'* How- 
ever, this entity tends to have later onset, distal weakness, 
no laryngeal palsy or congenital absence of muscle groups, 
commonly some sensory loss, no sex difference in sever- 
ity, and less variability in general. Hahn et al described 
a large Canadian kindred with a distinct variant of hered- 
itary motor and sensory neuropathy resulting from pri- 
mary axonal degeneration; typical clinical features include 
onset in early childhood, atrophy and weakness of pero- 
neal muscles and intrinsic hand muscles, and sensory ab- 
normalities. Males are severely affected, whereas females 
have mild or subclinical disease. These features, and the 
fact that our family likewise originated from eastern Can- 
ada, suggest a possible relationship. However, the family 
of Hahn and colleagues showed no male-to-male trans- 
mission in 19 sons of affected fathers, whereas all their 
daughters expressed the disease, leading to the conclusion 
that its transmission is X-linked dominant. 

Ruiz et al” described a hereditary motor and sensory 
neuropathy (neuronal type) in a father and two sons, con- 
firmed by a pathologic finding of neurogenic muscle atro- 
phy, with congenital contraction deformities of the feet, 
laryngeal abnormalities, peculiar facies, short neck, nar- 
row shoulders, and protruding chest. The authors consid- 
ered this a new syndrome, probably autosomal dominant. 
Their family is similar in some respects to our kindred, but 
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the small number of members makes it impossible to draw 
further inferences. 

A single French report” describes the combination of 
congenital Mobius’ syndrome and later (1 to 7 years) pro- 
gressive neurogenic amyotrophy of the limbs in three 
cases. None of these were familial, so their significance is 
obscure. 

Linkage to known Charcot-Marie-Tooth genetic sites on 
chromosome 17 has been excluded by linkage analysis 
utilizing samples from 43 members of our kindred (un- 
published data, 1991). Until specific genetic identification 
can be achieved, it seems best to consider our kindred’s 
disease as a distinct entity. 


We are grateful to the members of the kindred described in this ar- 
ticle for their cooperation and encouragement, to Michael Marenchic, 
MD, for assistance in the early phase of this work, and to Pamela King 
for secretarial help. 
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Severity of Vascular Dementia Is Related to Volume of 
Metabolically Impaired Tissue 


Ruediger Mielke, MD; Karl Herholz, MD; Martin Grond, MD; Josef Kessler, PhD; Wolf-Dieter Heiss, MD 


e The relation between dementia severity and regional ce- 
rebral metabolic rate of glucose was studied in 28 patients 
with vascular dementia (VD) in comparison with 20 age- 
matched patients who were suffering from Alzheimer’s dis- 
ease (AD) and 24 normal subjects by using positron emis- 
sion tomography with fludeoxyglucose F 18. Similar 
metabolic impairment was found in the temporoparietal 
and frontal association cortex in patients with VD and in 
those with AD. Metabolism of the basal ganglia, thalamus, 
and cerebellum was reduced significantly in patients with 
VD only. The total volume of regions with metabolism be- 
low the 95% confidence interval of control values was sig- 
nificantly related to the severity of dementia but did not 
` differ between patients with VD and those with AD. A met- 
abolic ratio of regional cerebral glucose metabolism of as- 
sociation areas divided by regional cerebral glucose metab- 
olism of structures that were typically not affected by AD 
was significantly lower in patients with AD than in those 
with VD. This ratio was also related to dementia severity in 
both types of dementia. 
(Arch Neurol. 1992;49:909-913) 


| gata neuropathological' and epidemiological’ re- 

sults give evidence that vascular dementia (VD) is the 
second most common cause of dementia in elderly persons, 
the question as to which pathophysiological mechanisms 
that produce the cognitive decline remains unanswered. 
Blood flow studies have shown that brain damage associ- 
ated with large-vessel atherosclerotic disease occurred not 
as a result of chronic diffuse ischemia but from multiple fo- 
cal infarction. Thus, the term “multi-infarct dementia” 
(MID) was coined,’ but it reflects only a part of the broad 
spectrum of VD. Often, there are no radiologically visible 
infarctions but leukoaraiosis,’ which may be responsible for 
progressive cognitive deterioration and reduced cerebral 
blood flow.®” The early studies by Tomlinson et al’? sug- 
gested that infarct size is important in MID, but the rela- 
tionship between the total volume of brain infarction and 
degree of cognitive decline has not yet been clarified, to our 
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knowledge. Even with modern neuroimaging techniques, 
it is difficult to estimate the volume of infarcted tissue in 
patients who are suffering from MID. As positron emission 
tomography (PET) is a reliable method for providing infor- 
mation about cortical energy metabolism in dementia, and 
glucose metabolism is closely related to neuropsycholog- 
ical function, we used it to evaluate the pathophysiological 
mechanisms of impaired cognition in patients with VD. In 
particular, we investigated regional cerebral metabolic rate 
of glucose (rCMRGI) of patients with VD in comparison 
with those patients with Alzheimer’s disease (AD), and we 
explored the relationship between cognitive decline and ex- 
tent of functional impairment of cerebral tissue. 


PATIENTS AND METHODS 


Twenty-eight patients (19 men and nine women) with the clin- 
ical diagnosis of VD and 20 patients with the clinical diagnosis of 
probable AD according to the research criteria of the National In- 
stitute of Neurological and Communicative Disorders and Stroke 
and the Alzheimer’s Disease and Related Disorders Association 
Work Group" were studied. 

The patients with VD were selected by a modified Hachinski 
score of 4 or more according to Rosen et al.'' Average age was 69 
years (age range, 53 to 83 years). Dementia was diagnosed based 
on the criteria according to the Diagnostic and Statistical Manual of 
Mental Disorders, Revised Third Edition.’ Most patients with VD 
had a history of hypertension and had evidence of cerebrovascu- 
lar disease in the neurological examination or computed tomo- 
graphic or magnetic resonance imaging scans. Patients who had 
suffered a stroke during the last 6 months were not included. 

The group with AD comprised 10 men and 10 women. They 
were selected from a larger sample group with AD, and they were 
matched to the group with VD with respect to age, severity, and 
duration of dementia. Average age was 68 years (age range, 53 to 
85 years). The diagnosis was based on general medical, neuro- 
logical, and psychiatric examinations. Dementia was confirmed 
by the results of standard neuropsychological tests in accordance 
with recommendations of the National Institute of Neurological 
and Communicative Disorders and Stroke and the Alzheimer’s 
Disease and Related Disorders Association Work Group.” All 
patients with AD fulfilled the criteria of primary degenerative 
dementia according to the Diagnostic and Statistical Manual of 
Mental Disorders, Revised Third Edition.'* The computed tomo- 
graphic or magnetic resonance imaging scans were*obtained in 
each case to rule out ischemic infarcts or braim tumo6ts. The mod- 
ified Hachinski score! was 2 or less. Labératory~tésts.insboth 
groups included the following determinations: erythrocyte Sedi- 
mentation rate; complete blood cell count;, serum levels.of 
glucose, bilirubin, urea, creatinine, sodium, ‘potassium, calcium, 
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Table 1.—Clinical and Psychometric Data of Patients and Controls* 
VD (n=28) AD (n=20) 





Controls (n=24) 













Age, y 68.7+8.9 (54-83) 68.1+9.8 (53-85) 66.9+8.0 (52-78) 
MMSE 24.2+2.9 (14-27) 23.0+2.7 (17-27) 

GDS score 3.6+0.8 (3-6) 3.8+0.7 (3-5) 

Duration, y 2.1+1.4 (0.5-5) 2.4+1.4 (0.5-6.5) 

Modified Hachinski score 7.5+2.3 (4-11) 0.7+0.7 (0-2) 








*VD indicates vascular dementia; AD, Alzheimer’s disease; MMSE, Mini-Mental State examination; and GDS, Global Deterioration Scale. Data 
are given as mean+SD (range). 


Table 2.—rCMRGI of Patients and Controls* 


VD (n=28) AD (n=20) Controls (n=24) 





Middle-frontal cortex 32.5+4.8 31.6+5.0 36.4+3.9 
Temporoparietal junction 30.5+4.7 27.9+4.6 35:7£3.7 
Superior parietal cortex 30.5+4.1 28.8+4.8 33.2+4.2 
Primary sensorimotor cortex 32.6+4.3 33.3+5.4 35.5+4.2 
Primary visual cortex 37.9+6.8 35.8+6.8 41.1+5.8 
Occipital cortex 30.7+4.7 29.8+6.0 34.9+3.8 
Basal ganglia 35.1+4.8 36.0+5.4 39.4+4.2 
Cerebellum 28.0+3.3 29.3+4.2 31.2+3.2 
Brain stem 24.6+3.1 26.1+4.3 27 3539 


*rCMRGI indicates regional cerebral metabolic rate of glucose; VD, vascular dementia; and AD, Alzheimer’s disease. Data are given as rCMRGI 


in micromoles per 100 g per minute (mean+SD). 


total protein, lipids, liver enzymes, and vitamin B; and tests for 
thyroid function and Treponema pallidum hemagglutination assay. 

Twenty-four normal subjects (12 male and 12 female) had no 
clinical evidence of cognitive deficits or neurological disesase, and 
results of these subjects’ clinical and neuropsychological exami- 
nations were completely normal. They were part of a larger sam- 
ple of people with subjective memory impairment. According to 
proposed Research Diagnostic Criteria,’ they suffered neither 
from age-associated memory impairment" nor from benign senile 
forgetfulness.'* They were selected to match the age distribution 
of patients with AD and those with VD. Average age was 67 years 
(age range, 52 to 78 years). Informed consent was obtained from 
all patients and control subjects. 

The degree of mental deterioration was quantified based on the 
Mini-Mental State examination (MMSE) of Folstein et al'° and on 
the Global Deterioration Scale of Reisberg et al. Average scores 
are given in Table 1. 

The PET studies were performed with a four-ring scanner 
(PC384, Scanditronix, Uppsala, Sweden) that provided an in- 
plane resolution of 7.8 mm at a slice thickness of 11 mm, by using 
the fludeoxyglucose F 18 method. After an intravenous bolus in- 
jection of 185 MBq of fludeoxyglucose F 18 in normal saline so- 
lution, the patients rested in a supine position with their eyes 
closed in a quiet room with dimmed light. Details of the 
measurement protocol have been described by Heiss et al.” The 
rCMRGIs were calculated from tomograms that were recorded 30 
to 50 minutes after tracer injection. Plasma fludeoxyglucose F 18 
and glucose concentrations were measured in multiple arterial- 
ized blood samples. Metabolic quantitation was achieved by an 
operational equation with adjustment of rate constants K; and K; 
to measured activity.'* A total of 14 slices that were parallel to the 
canthomeatal line with a center-to-center distance of 6.85 mm 
were analyzed. Regions of interest represented the metabolically 
most active areas within cortical sectors of 20° width or were 
adapted to major functional-anatomical structures according to a 
standard scheme by using a semiautomatic computer-assisted 
mapping procedure.” The plane through the core of the basal 
ganglia served as a reference for the anatomical localization of 
cortical regions in the vertical direction. The analysis was focused 
on regions that were typically affected by AD (temporopa- 
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rietal and frontal association cortex) in contrast to regions that 
typically were not affected by AD (cerebellum, brain stem, basal 
ganglia, and visual and sensorimotor cortices). In addition, we 
calculated, in each patient, the volume of regions that were sig- 
nificantly hypometabolic (rCMRGI less than the lower 95% pre- 
diction limit of the control population) in comparison with the 
rCMRGI of the normal subjects. The total volume of regions that 
were examined in each patient was, on average, 639+59 cm’. 

Mean values of patient groups and normal subjects were com- 
pared by Student's t test, analysis of variance, and linear regres- 
sion. In each diagnostic group, mean values of rCMRGI, ratio, and 
volume of hypometabolic regions were additionally tested by 
analysis of variance for sex differences. Analysis of covariance 
was used to relate regional metabolic rates and volume of affected 
regions to neuropsychological measures. Average values are 
given as means+SDs. Normal distribution was confirmed for all 
metabolic variables in each group. The volume of hypometabolic 
regions was transformed logarithmically before statistical calcu- 
lations. All statistical procedures were performed with use of the 
SAS software package (SAS Institute, Cary, NC). 


RESULTS 


Because of the stringent selection criteria, no signs of is- 
chemic stroke were observed in computed tomographic or 
magnetic resonance imaging scans that were taken of pa- 
tients with AD and normal subjects. All patients with VD, 
however, presented with leukoaraiosis* of a moderate to 
severe extent according to the classification of Kobari et 
al.” Five of the patients had lacunar infarction, six suffered 
from cortical infarction, and five had both subcortical and 
cortical ischemic lesions. The maximum number of infarcts 
in each individual case did not exceed three, and infarct 
size was usually small. As depicted in Table 1, patients 
with AD and those with VD did not differ with regard to 
severity and duration of dementia. Furthermore, there was - 
no significant difference in age between normal subjects 
and patients (Table 1). 

In the repeated-measures analysis of variance of regional 
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Table 3.—Volume of Hypometabolic Regions and 
Metabolic Ratio* 


VD AD Controls 
(n=28) (n=20) (n=24) 


76.1 (0-310) 79.7 (0-363) 
0.98+0.06 0.91+0.05 1.00+0.04 


*VD indicates vascular dementia; AD, Alzheimer’s disease. Volume 
data are given as mean (range); metabolic ratios, as mean+SD. 



















Volume, cm? 


Metabolic ratio 


metabolism in patients with VD, those with AD, and nor- 
mal subjects, we found a significant interaction of 
region X diagnostic classification (P=.0001), indicating that 
there was a difference in the metabolic pattern among 
groups. To analyze this difference further, we then per- 
formed an analysis of variance with Tukey’s comparison 
of multiple means on the individual regions. In general, the 
difference between controls and the whole group of 
patients with dementia was more pronounced than differ- 
ences between patients with AD and those with VD. 
Among the regions that were examined (Table 2), the 
rCMRGI was significantly lower in patients with AD and 
those with VD than in controls in the occipital, temporo- 
parietal, and frontal association cortex. In the superior pa- 
rietal and primary visual cortex, a significant reduction of 
the rCMRGI was found in patients with AD only, whereas 
the rCMRGI of the basal ganglia, thalamus, and cerebellum 
was reduced in patients with VD only. There was no sig- 
nificant difference of the rCMRGI between patients with 
VD and those with AD in any single region that was tested. 
Furthermore, we did not find any significant sex differ- 
s ences for the metabolic data in controls and patient groups. 

We also examined a metabolic ratio that reflected the 
typical metabolic pattern of AD by dividing, in each 
patient, the average rCMRGI of the temporoparietal and 
frontal cortex through the average rCMRGI of the primary 
sensorimotor and visual cortex, basal ganglia, brain stem, 
and cerebellum.” We found significant lower values in 
patients with AD than in those with VD (P=.0001, Table 3), 
but we found no difference between normal subjects and 
patients with VD. There was no significant difference in the 
volume of regions with a reduced rCMRGI between 
patients with VD (76.1 cm’; range, 0 to 310 cm”) and those 
with AD (79.7 cm’; range, 0 to 363 cm’). 

In the analysis of covariance, we found a significant in- 
fluence of the MMSE score on the rCMRGI in the tem- 
poroparietal (P=.0004) and frontal (P=.0005) association 
cortex, as well as in the occipital cortex (P=.001), but we 
found no difference between patients with VD and those 
with AD. 

For the metabolic ratio, which reflected the metabolic 
pattern in patients with AD, a significant effect of the de- 
mentia severity tested by the MMSE as a covariate (P=.001) 
and of the diagnostic group (P=.002) was found. The dif- 
ferent regression lines of the metabolic ratio on MMSE 
scores in patients with VD and those with AD are illustrated 
in Fig 1. They demonstrate that the metabolic ratio was gen- 
erally higher in patients with VD than in those with AD. In 
addition, there was a parallel decline of the metabolic ratio 
with increasing dementia severity in both groups. The PET 
images (Fig 2) demonstrated typical findings in vascular 
and primary degenerative dementia in two patients with 
identical MMSE scores and a similar volume of hypomet- 
abolic regions. In the analysis of covariance, there wasa sig- 
nificant relation between the MMSE scores and the volume 
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Fig 1.—Regression lines of the metabolic ratio on the Mini-Mental State 
examination (MMSE) scores in patients with Alzheimer’s disease (AD 
[open squares]) and patients with vascular dementia (VD [shaded 
squares]). 


of affected regions (P=.0006), but there was no effect of the 
diagnostic classification in patients with VD and those with 
AD. This indicated that the relation between the number of 
inactivated regions and dementia severity was similar in 
patients with VD and those with AD. 


COMMENT 


So far, the clinical differentiation between VD and AD is 
a common problem as the diagnosis is based mainly on the 
findings from the neurological examination and on the 
course of illness. The diagnostic criteria of VD are formal- 
ized in the Hachinski score,“ which has been shown to be 
useful in distinguishing VD and mixed dementias from 
primary degenerative dementia." Therefore, the modi- 
fied version of Rosen et al"! was used for separation of 
groups for this systematic analysis of the rCMRGI in 
patients with VD, those with primary degenerative de- 
mentia of the Alzheimer’s type, and normal subjects. To 
minimize bias, the groups were adjusted with regard to 
age, duration of disease, and degree of cognitive impair- 
ment (Table 1). The group with VD was not balanced with 
respect to sex. Although sex differences in the rCMRGI 
have been reported“ other authors% did not confirm 
these findings. In this study, we did not detect any differ- 
ence in glucose-utilization rates, the metabolic ratio, or the 
volume of hypometabolic regions between sexes. We 
therefore can reasonably exclude sex as a confounding 
factor in our analysis. 

The number of patients with VD who have been studied 
previously with PET that used fludeoxyglucose F 18 has 
been small. It has been reported that the typical pattern of 
glucose metabolism seen in patients with AD who have 
marked hypometabolism that affects the association areas 
differs from that in patients with VD who have scattered 
areas of focal cortical and subcortical hypometabolism.” In 
patients with VD, we observed, in many areas (middle 
frontal and temporoparietal cortex, basal ganglia, cerebel- 
lum, and brain stem), a significant reduction of the 
rCMRGI in comparison with that in normal subjects. In 
subcortical areas and the primary sensorimotor cortex, this 
hypometabolism was slightly more marked in patients 
with VD than in those with AD, while the association ar- 
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VASCULAR DEMENTIA 





Fig 2.— Magnetic resonance images and positron emission tomographic 
(with the use of fludeoxyglucose F 18) images of a patient with Alzhei- 
mer’s disease (top) and a patient with vascular dementia (bottom) at two 
levels. Top, The positron emission tomographic images of a 66-year-old 
patient with Alzheimer’s disease (Mini-Mental State examination score. 
21) show the typical metabolic pattern with a pronounced bilateral de- 
crease in metabolism, particularly in the parietotemporal and frontal as- 
sociation cortex with relative recessing of the primary sensory and sen- 


sorimotor areas. Bottom, The positron emission tomographic images of 


a 68-year-old patient with vascular dementia (Mini-Mental State exam- 
ination score, 21) show scattered areas of focal cortical hypometabo- 
lism; the corresponding magnetic resonance images present leukoarai- 
osis of a severe extent. 


eas were less affected in patients with VD than in those 
with AD (Table 2), albeit there was no significant difference 
in the rCMRGI overall between patients with VD and those 
with AD. The general pattern, however, was different; that 
is, a metabolic ratio that mainly reflected the contrast be- 
tween association areas and subcortical regions was sig- 
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nificantly lower in patients with AD than in those with VD. 
These findings are consistent with findings from earlier 
studies on this topic.” Ina retrospective study, Herholz 
et al” found lower values of this ratio in patients with AD 
than in patients with VD. Kuhl et al* reported a signifi- 
cantly lower parietal-cerebellar ratio in patients with AD 
than in patients with MID. In contrast, Duara et al” did not 
find any difference between patients with MID and those 
with AD when they compared metabolic ratios of single 
cortical regions with that of the whole brain or with that 
of the medial occipital lobe. These authors may have 
missed some regional abnormalities because of the limited 
spatial resolution of the PET scanner that they used. The 
results of the present study reconcile these apparently 
contradictory findings. We could not identify a single re- 
gion that could discriminate between VD and AD, but we 
found the composite pattern, as expressed in the metabolic 
ratio, significantly different. In this context, we would not 
recommend the use of the occipital cortex alone in the de- 
nominator of such a quotient, as it was done by Duara et 
al,” since its rCMRGI depends on dementia severity and 
shows a large variance. 

The volume of regions that were significantly hypomet- 
abolic in comparison with that of age-matched normal 
subjects was correlated with the MMSE scores, but it was 
not significantly different between patients with VD and 
those with AD. This indicates that the degree of cognitive 
dysfunction depends rather on the extent of the metabolic 
impairment than on the pathogenetic basis of VD or AD. 
Considering that our patients with VD had mainly leuko- 
araiosis and a maximum number of three small infarcts, it 
indicates, furthermore, that even a small number of 
infarcts, in combination with leukoaraiosis, may contribute 
to cognitive decline. This is in some contrast to the findings 
of Tomlinson et al’ who stressed that VD must be due to 
multiple vascular lesions that destroy more than 100 mL of 
brain tissue. Our data let us suggest that the overall volume 
of functional tissue loss is more important, since it also in- 
cludes the effects of incompletely infarcted tissue and 
morphologically intact but deafferented cortex. Hypome- 
tabolism in such functionally disconnected regions is a 
common finding in PET that uses fludeoxyglucose F 18.21 
The volume of metabolically impaired brain tissue of the 
patients with VD in the present study (76.1 cm*) may be 
roughly comparable with the volume of 100 cm? that was 
found by Tomlinson et al,’ since the total tissue volume 
examined in each patient for whom PET was used, on av- 
erage, was only 639 +59 cm* because of focusing on gray mat- 
ter in the quantitative analysis of brain regions." 

In conclusion, the metabolic impairment of frontal and 
temporoparietal association cortex and the total volume of 
hypometabolic regions were related to dementia severity 
in patients with VD as they were in patients with AD. It 
was characteristic for patients with VD, in contrast to pa- 
tients with AD, that metabolic impairment was present in 
subcortical structures also. 

As VD covers a group of heterogeneous diseases with 
cognitive decline of vascular origin, our study has some 
limitations. Nevertheless, it emphasizes the potential of 
PET for analyzing the pathophysiological features of 
dementia and for improving diagnostic classification. 
Thus, our results encourage further investigations, espe- 
cially on subgroups of VD, to elucidate the relation 
between dementia and topography of metabolic impair- 
ment. 
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Interrelations Between Migraine and Tension-Type 
Headache in the General Population 


Birthe Krogh Rasmussen, MD; Rigmor Jensen, MD; Marianne Schroll, MD, PhD; Jes Olesen, MD, PhD 


e In a cross-sectional epidemiological survey of a general 
population, headache disorders were diagnosed according 
to a structured interview and a neurological examination 
using the criteria of the International Headache Society. The 
prevalences and sex distribution of the primary headache 
disorders were assessed, and characteristics of and interre- 
lationships between different types of headache were ana- 
lyzed. Severity and frequency of migraine attacks were not 
correlated, indicating that the migraine attack is an all-or- 
none phenomenon triggered with an individually variable 
threshold. Tension-type headache, in contrast, showed in- 
creasing severity with increasing frequency, indicating that 
it is a graded phenomenon. In the previous year, 6% had 
migraine without aura (previously called “common mi- 
graine”) and 4% had migraine with aura (previously called 
“classic migraine”); 63% had episodic tension-type head- 
ache and 3% chronic tension-type headache. In women, 
migraine without aura was twice as prevalent as migraine 
with aura; in men, an opposite trend emerged. In migraine 
without aura, pain was more severe than in migraine with 
aura. Tension-type headache in migraineurs was not signif- 
icantly more prevalent than in nonmigraineurs and, except 
for greater frequency and severity, it did not deviate noso- 
graphically from pure tension-type headache. Our results 
support the contention that migraine and tension-type 
headache are distinct entities, contradict the so-called 
continuum-severity model, and indicate that the terms 
combination headache, mixed headache, and interval head- 
ache should be avoided. 
(Arch Neurol. 1992;49:914-918) 


AN undistorted view of the headache disorders can only 

be obtained from representative samples of the gen- 
eral population. The newly published operational diag- 
nostic criteria of the International Headache Society! have 
made it possible to do such studies in a reliable way. We 
have interviewed and examined 740 normal subjects to as- 
sess the prevalence and the sex distribution of the various 
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subforms of migraine and tension-type headache. We try 
to answer important and currently unresolved questions 
about prevalence of migraine and tension-type headache, 
how often they coexist, and if they should be regarded as 
distinct entities or as part of a continuum. 


SUBJECTS AND METHODS 
Sampling 

The population was restricted by age and geography. A 
random sample of 1000 25- to 64-year-old men and women was 
drawn from the Danish National Central Person Registry, in 
which all Danish residents are recorded. The study population 
was reduced to 975 because of death, emigration, etc. A detailed 
description of the general study design, representativeness of the 
population, and characteristics of the nonparticipants has been 
published previously.’ 

All members of the sample received a standardized written in- 
vitation to a general health survey with focus on headache disor- 
ders. Information about the project and a questionnaire concern- 
ing sociodemographic factors to be completed at home was 
enclosed. Seventy-six percent (387 men, 353 women) participated. 


Interview and Examination 


The headache disorders were classified according to a struc- 
tured diagnostic headache interview and a neurological exami- 
nation using the operational diagnostic criteria of the Interna- 
tional Headache Society (Table 1). The interview focused 
primarily on frequency, intensity, duration, location, character of 
pain, and accompanying symptoms. The intensity of the head- 
ache was described in three groups: “mild pain” (daily activities 
not inhibited), “moderate pain” (inhibiting, but not preventing 
daily activities), and “severe pain” (daily activities suspended). 
Data about quality and quantity of each distinct headache form 
within the same subject were recorded. In the present publication, 
because of their rarity, the migraine groups 1.3 through 1.7 are 
summarized under the heading “migrainous disorders.” The 
classification of migraine is not exclusive, as one person can get 
more than one migraine diagnosis, eg, migraine without aura 
(previously called “common migraine”) and migraine with aura 
(previously called “classic migraine”), while the classification of 
tension-type headache is exclusive. The presence of symptomatic 
headaches was ruled out by means of history, physical and neu- 
rological examinations, routine blood chemistry analysis, and 
blood pressure measurements. Other types of headache besides 
migraine and tension-type headache are described elsewhere. 

The statistical methods included the x? tests for unpaired and 
paired (McNemar’s test) data, Mantel-Haenszel x? test, and 
Mann-Whitney U test. Five percent level of significance and 95% 
exact confidence intervals using the binomial distribution were 
used. 
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Table 1.—New International Headache Classification 
of Migraine and Tension-Type Headache 


1. Migraine 
1.1 Migraine without aura 
1.2 Migraine with aura 
1.2.1 Migraine with typical aura 
1.2.2 Migraine with prolonged aura 
1.2.3 Familial hemiplegic migraine 
1.2.4 Basilar migraine 
1.2.5 Migraine aura without headache 
1.2.6 Migraine with acute-onset aura 
a 
4 












Ophthalmoplegic migraine 
Retinal migraine 
.5 Childhood periodic syndromes that may be precursors 
to or associated with migraine 
1.6 Complications of migraine 
1.7 Migrainous disorder not fulfilling above criteria 


1 
1 
1 


N 


. Tension-type headache 

2.1 Episodic tension-type headache 

2.2 Chronic tension-type headache 

2.3 Headache of the tension-type not fulfilling above 
criteria 


RESULTS 
Prevalence of Migraine and Tension-Type Headache 


The prevalence of migraine without aura (common mi- 
graine) in the previous year was 6% (n=44) and of migraine 
with aura (classic migraine), 4% (n=30). The prevalence of 
migraine without aura was significantly higher among 
women than among men, with a male-female ratio of 1:5 
(Table 2). Migraine with aura showed only a nonsignificant 
trend toward a female preponderance (x*=1.90, df=1, 
P=.17). Women were significantly more likely to have mi- 
graine without aura than migraine with aura (McNemar’s 
test, P<.01), and an opposite but nonsignificant trend was 
seen among men. The mean age for men having migraine 
without aura vs with aura in the previous year was 42.3 vs 
49.5 years (median, 36 vs 50 years) and for women, 43.7 vs 
46.0 (median, 43 vs 47 years). The prevalences of both ep- 
isodic and chronic tension-type headache showed signifi- 
cant female preponderance. The mean age for men with 
episodic vs chronic tension-type headache was 42.9 vs 44.9 
years (median, 43 vs 44 years) and for women, 42.3 vs 45.4 
(median, 42 vs 44 years). 

The prevalence of coexisting migraine and tension-type 
headache in the previous year was 9% (Table 2). Thus, 83% 
(64/77) of the migraineurs also had tension-type headache. 
The prevalence of tension-type headache in subjects with- 
out migraine in the previous year was 73% (485/663). This 
difference was not significant (x*=3.57, df=1, P=.06, odds 
ratio=1.81, 95% confidence interval, 0.98 to 3.34). We found 
no significant difference between the prevalence of 
tension-type headache in those having migraine without 
aura or migraine with aura (excluding subjects with both 
diagnoses, n=5). 


Severity and Frequency 


In subjects with coexisting migraine and tension-type 
headache, the severity of the two disorders correlated 
positively (x?=10.97, df=1, P<.001), but no correlation was 
found between the frequencies (x*=12.44, df=12, P>.4). Se- 
vere migraine for 8 to 14 days a year occurred in 16% of the 
migraine-afflicted group, and 7% had severe migraine for 
more than 15 days a year. No correlation between the se- 
verity and frequency of migraine was found (Fig 1, top). 
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Migraine without aura occurred with significantly more 
severe pain than migraine with aura (x*=6.84, df=1, P<.02). 
No difference was found regarding frequency (Mann- 
Whitney U test, P>.1). 

Mild or moderate tension-type headache for 1 to 14 days 
a year occurred in 55% of the group with tension-type 
headache, and 36% had tension-type headache several 
times a month. The severity of tension-type headache in- 
creased significantly with its frequency (Fig 1, bottom). 
This finding was also true when excluding subjects with 
coexisting migraine or earlier presence of migraine, ie, 
looking at subjects with pure tension-type headache. 

Comparing frequency of tension-type headache in sub- 
jects with and without migraine, respectively, we found 
that tension-type headache in migraine sufferers was sig- 
nificantly more frequent (days per year) (Fig 2). Tension- 
type headache in migraineurs was also more severe, 
whereas all other characteristics were equally present (Ta- 
ble 3). When the severity data were controlled for the ef- 
fect of frequency, however, we found no significant differ- 
ence according to severity of tension-type headache in 
migraineurs compared with nonmigraineurs (Mantel- 
Haenszel x?=2.65, df=1, P=.10, odds ratio=0.60, 95% confi- 
dence interval, 0.33 to 1.11). 


COMMENT 
Correlation of Frequency and Severity 


Only a few earlier epidemiological studies have ana- 
lyzed the relationship between frequency and severity of 
headache attacks. A positive correlation between fre- 
quency and severity of headache was found.*° In these 
studies, however, migraine and tension-type headache 
were not studied separately, and, owing to its greater 
prevalence, tension-type headache is likely to have dom- 
inated the picture. In the present study, all subjects 
received thorough diagnoses according to a structured in- 
terview and a neurological examination. We found the se- 
verity of migraine uncorrelated to its frequency, indicating — 
that it is an all-or-none phenomenon that, once triggered, 
runs its course. Probably multiple factors must combine to 
exceed an individually varying threshold for a migraine 
attack. This concept is in keeping with the results of most 
prophylactic drug trials, where the number of attacks was 
reduced, whereas the severity and duration of the single 
attack was not at all or only moderately reduced.®” On the 
other hand, tension-type headache seems to be a graded 
phenomenon, frequency and severity of pain being posi- 
tively correlated. This fits with the presumed myofascial 
origin of nociception in this form of headache and with our 
findings of gradually increased pericranial tenderness of 
muscles and tendon insertions with increasing frequency 
of tension-type headache (R.J., B.K.R., Birthe Pedersen, 
MD, and J.O., unpublished data, January-July 1989). A 
previously described lowering of pain thresholds in pa- 
tients suffering from chronic tension-type headache may 
also contribute to the described relationship.® 


Migraine With and Without Aura 


Our reported prevalence of migraine in the previous 
year is lower than in some earlier reports,”'* which may be 
due to differing diagnostic criteria or other methodologi- 
cal factors.2 The prevalence of migraine without aura 
(common migraine) reported in previous studies varies 
strikingly, from about 2% to more than 15%.'°"* In mi- 
graine with aura (classic migraine), prevalences from 0.5% 
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Table 2.— 





Prevalences in Previous Year of Migraine and Tension-Type Headache Subforms According to Sex* 
Men (n=387) Women (n=353) Total (n=740) 












95% CL % 95% CL 95% CL 




















*CL indicates confidence level. The figures are not mutually exclusive. 


tSignificant sex difference. 


Migraine without aura (1-4) 37 tT (8-14) 44 6 (4-8) 
Migraine with aura 12 3 (2-5) 18 5 (3-8) 30 4 (3-6) 
Migrainous disorders 6 2 (1-3) 3 1 (0-2) 9 1 (1-2) 
Migraine, Total 23 6 (4-9) 54 15+ (12-19) 77 10 (8-13) 
Episodic tension-type 217 56 (51-61) 250 71t (66-76) 467 63 (60-67) 
Chronic tension-type 7 2 (1-4) 17 5+ (3-8) 24 3 (2-5) 

_ Tension-type-—like 21 5 (3-8) 37 11+ (8-14) 58 (6-10) 
Tension-Type, Totalt 245 63 (58-68) 304 86t (82-90) 549 74 (71-77) 
Migraine without aura 

and tension-type 6 2 (1-3) 9t (7-13) 39 5 (4-7) 
Migraine with aura 

and tension-type 8 2 (1-4) 14 4 (2-7) 22 3 (2-4) 
Migrainous disorder 

and tension-type 4 1 (0-3) 1 (0-2) 7 1 (0-2) 
Coexisting migraine 

and tension-typeł (2-7) 14+ (10-18) 64 9 (7-11) 























+The classification used at the one-digit level (for migraine, the figures include subjects with at least one type of migraine). 


to 8% have been reported.'’'’'*'® Our male-female ratio 
was 1:5 for migraine without aura and 2:3 for migraine 
with aura, in accordance with a previous study." The re- 
ported mean age for patients with migraine with aura was 
higher than for patients with migraine without aura. Only 
7% of our migraineurs had both forms of migraine, most 
having exclusively migraine without aura or migraine 
with aura. This provides support to the idea that the two 
forms of migraine are indeed distinct. Studies of cerebral 
blood flow have shown marked disturbances in migraine 
with aura but not in migraine without aura”’*! and have 
thus demonstrated a possible pathophysiological differ- 
ence between the two forms of migraine. On the other 
hand, the painful phase of the attacks and the associated 
symptoms are virtually identical,” and they seem to 
respond to the same drugs.” In summary, initiating events 
in migraine without aura and migraine with aura are dis- 
tinct, but the pain phase is probably similar. 


Coexisting Migraine and Tension-Type Headache 


In the present study, 83% of the migraine sufferers had 
tension-type headache in addition. This percentage was 
not significantly different from the prevalence in those not 
having migraine. From the crude prevalence data, one 
would thus be able to explain the coincidence of the two 
conditions as a pure chance phenomenon. It would, how- 
ever, be difficult to demonstrate an increased prevalence in 
a subgroup because of the high prevalence of tension-type 
headache in the general population. Tension-type head- 
aches in migraineurs (previously called “interval head- 
ache”) were not significantly different from tension-type 
headaches in subjects without migraine as regards most 
clinical features except that the attacks occurred more fre- 
quently and were more severe. Our results support the co- 
existence of two distinct forms of headache rather than the 
view that interval headache of the tension type is in fact just 
mild migraine. The clinical picture must be clouded by 
some severe attacks of tension-type headache resembling 


916 Arch Neurol—Vol 49, September 1992 


migraine and by some treated or genuinely mild migraine 
attacks resembling tension-type headache. In persons with 
coexisting migraine and tension-type headache, severity 
but not frequency of the two disorders were positively 
correlated. Our data thus indicate some relationship, but 
probably not a causal one between migraine and tension- 
type headache. 


Migraine and Tension-Type Headache Are Not 
Part of a Continuum 


Previous studies have suggested that migraine and 
tension-type headache are not separate clinical entities but 
part of a continuum of headache disorders varying in 
severity.'’***” The mild end of this continuum should be 
tension-type headache, which, with increasing severity of 
the condition, should transform into migraine without 
aura and finally into migraine with aura (the continuum- 
severity model). Some include so-called mixed tension- 
vascular headache in the continuum, which occupy the 
vast middle ground.” The conclusion that migraine and 
tension-type headache are not mutually exclusive syn- 
dromes was based on questionnaire studies.**7°7? The 
respondents were asked to describe their headache symp- 
toms only in terms of their “most severe” headache attacks. 
This does not clarify the extent to which various symptoms 
are present across all headache attacks and therefore does 
not ensure that severe migraine attacks, for example, are 
not mixed with severe tension-type headaches in the 
answers. It is therefore necessary to have an exact descrip- 
tion of each separate type of headache experienced by the 
responder, which probably requires a clinical interview 
rather than a questionnaire. Factor and Guttman scale 
analyses have also been used to clarify a syndromatic ap- 
proach to migraine, but the results of these studies have 
been contradictory.” 

Our data contradict the continuum-severity model in 
several ways. Subjects suffering from migraine with aura 
had less severe and shorter headaches than subjects hav- 
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Fig 1.—Severity and frequency of headaches; open bars indicate mild; 
shaded bars, moderate; and closed bars, severe. Severity of migraine at- 
tacks (top) is unrelated to frequency (P>.6), whereas the opposite is true 
for tension-type headache (bottom, P<.00001). Along the x-axis, sub- 
jects are grouped according to number of days in the previous year with 
migraine (top) or tension-type headache (bottom); 0 days indicates no 
attacks in the previous year but earlier presence of the disorder. The 
y-axis is the percentage of subjects according to severity of attacks. 


ing migraine without aura.” This result conclusively elim- 
inates the idea that migraine with aura represents the se- 
verest aspect of migraine. What is left of the continuum- 
severity model is then a possible relationship between 
tension-type headache and migraine. However, 13% of 
migraine sufferers had never had tension-type headache 
and, conversely, 18% of subjects with tension-type head- 
ache in the previous year had it ina moderate or severe and 
frequent form, but only 23% of those had coexisting 
migraine. The many subjects with frequent and severe 
tension-type headache who did not have migraine and 
others with less frequent and less severe tension-type 
headache who had migraine cannot be explained by the 
continuum-severity model. Finally, we found positive 
support for the existence of two separate diseases in a dif- 
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Fig 2.—Percentage of subjects with tension-type headache according to 
the number of days with tension-type headache in migraineurs (open 
bars) and in nonmigraineurs (shaded bars). Tension-type headaches in 
migraineurs occurred for more days a year as compared with subjects 
without migraine (P<.02). Migraineurs are subjects with migraine in the 
previous year. Nonmigraineurs are subjects who have never had 
migraine. 











Table 3.—Prevalences of Pain Characteristics and 
Accompanying Symptoms of Tension-Type Headache 
in Migraineurs and Nonmigraineurs* 









Migraineurs Nonmigraineurs 
(n=64) (n=449) 









Pain quality 




















Character 
Pulsating 10.9 (7) 18.5 (83) 
Pressing 81.3 (52) 77.1 (346) 
Other 7.8 (5) 4.5 (20) 
Intensity 
Mild 25.0 (16) 42.5 (191)t 
Moderate-severe 75.0 (48) 57.5 (258)t 
Location 
Unilateral 10.9 (7) 10.9 (49) 
Bilateral or varying 89.1 (57) 89.1 (400) 
No aggravation by 
routine physical activity 65.6 (42) 73.1 (328) 
Accompanying symptoms 
Nausea 6.3 (4) 4.0 (18) 
Vomiting 0.0 (0) 0.0 (0) 
Anorexia 26.6 (17) 17.6 (79) 
Photophobia 9.4 (6) 10.9 (49) 
Phonophobia 9.4 (6) 13.8 (62) 





*Only subjects with headaches during the previous year are included. 
Values are percent (number of subjects). 
+P<.01. 


ferent sex distribution of migraine (male-female ratio, 1:3) 
and tension-type headache (male-female ratio, 4:5) and in 
a different relationship between frequency and severity in 
migraine vs tension-type headache. Summarizing, it seems 
relatively clear that the continuum-severity model is an ar- 
tifact due, first of all, to the mutual relationship of migraine 
and tension-type headache and, second, to a number of 
methodological inadequacies in previous studies. 

Some previous studies have used the diagnostic terms 
combination headache or mixed headache. Although these 
terms have never been clearly defined, they have usually 
been taken to indicate a patient who suffers from both mi- 
graine attacks and tension-type headaches. In the new 
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headache classification, these terms were abandoned be- 
cause of the lack of evidence for a separate specific entity. 
Our study supports this abolition and provides the first 
quantitative confirmation of the impossibility of finding a 
logical cutoff point to define a specific entity called com- 
bination headache. Subjects with coexisting migraine and 
tension-type headache should have both diagnoses, as 
suggested in the International Headache Society classifi- 
cation. Finally, our data indicate that nonmigrainous 
headaches in migraineurs are probably just regular 
tension-type headaches. 


This study was supported by grants H 11/238-88 and H 11/262-89 
from the Danish Health Insurance Foundation, the Foundation for 
Experimental Research in Neurology (1988), the Danish Migraine So- 
ciety (1988), and the Foundation for Pain Research of Axel Klee (1989), 
and received statistical support from the Danish Medical Research 
Council (journal No. 5.29.00.60). 
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Increased Sympathetic and Decreased Parasympathetic 
Cardiac Innervation in Patients With Alzheimer’s Disease 


Judith Aharon-Peretz, MD; Tamar Harel, MSc; Moshe Revach, MD; Shlomo A. Ben-Haim, MD, DSc 


e To assess whether Alzheimer’s disease affects the sympa- 
thetic and parasympathetic influences on the heart rate, we 
used power spectrum analysis of heart rate variability 
derived from simple body-surface electrocardiography. We 
calculated the energy ratio of low- to high-frequency bands. 
This ratio was significantly higher in patients with Alz- 
heimer’s disease than in normal controls (upright posture, 
0.41+0.21 vs 0.23+0.08). The parasympathetically medi- 
ated baroreceptor activity reflected by the energy ratio of 
medium- to low- and high-frequency bands was significantly 
depressed in patients with Alzheimer’s disease (upright 
posture, 0.12+0.02 vs 0.07+0.03; supine posture, 
0.11+0.02 vs 0.085+0.025). Compared with normal vol- 


- unteer controls, patients with Alzheimer’s disease mani- 


fested a relatively hypersympathetic, hypoparasympathetic 
state. 
(Arch Neurol. 1992;49:919-922) 


he “cholinergic hypothesis” of the pathophysiology of 
Alzheimer’s disease (AD) has received increasing at- 
tention over the past decade.'* Disturbance of the basal 
cholinergic system and the subsequent loss of cortical 
cholinergic innervation have been blamed for at least some 
of the cognitive changes seen in AD.* Although the clini- 
cal and pathological findings in AD are restricted to the 
brain, recent studies have reported cholinergic-related ab- 
normalities attributable to the disorder in a variety of pe- 
ripheral tissues. The acetylcholine level in red blood cells 
is apparently below normal in patients with AD,”® al- 
though a similar reduction in patients with depression 
suggests that this is probably not a disease-specific abnor- 
mality.®” Plasma acetylcholinesterase level appears to be 
significantly increased in patients with AD compared with 
age-matched nondemented patients.* Kessler’ found defi- 
ciency of cholinergic-differentiating factor in fibroblasts of 
patients with AD and suggested that AD may bea systemic 
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disease involving even nonneuronal cells outside as well 
as within the brain. 

The heart is well supplied with both sympathetic and 
parasympathetic (vagal) nerves. Acetylcholine is the neu- 
rotransmitter at the parasympathetic nerve endings and at 
the presynaptic sympathetic nerves. Both divisions of the 
autonomic nervous system affect heart rate. The most fa- 
miliar heart rate variability is the sinus (respiratory) 
arrhythmia, hallmarked by the cyclic prolongation of the 
interbeat (R-R) intervals and mediated by the cholinergic 
system." 

Investigators have recently used power spectrum anal- 
ysis of the electrocardiographic (ECG) recording to quan- 
tify the effects of the different components of the auto- 
nomic nervous system on heart rate variability. There 
appear to be three frequency components in the normal 
heart rate variability power spectrum that arise from the 
activity of the physiological control system, namely (1) a 
temperature component, in the range of 0.05 Hz, which 
reflects sympathetic activity; (2) a baroreceptor compo- 
nent, at around 0.1 Hz; and (3) a respiratory component at 
about 0.25 Hz, depending on the respiratory rate. The 
higher frequencies of the power spectra (above 0.04 Hz) 
reflect parasympathetic activity, while the lower frequen- 
cies (below 0.04 Hz) reflect both sympathetic and para- 
sympathetic influences.'' The frequency domain around 
0.1 cycle per beat is believed to represent para- 
sympathetic-mediated baroreceptor activity.'* We hypoth- 
esized that if a cholinergic-deficient state exists in patients 
with AD, it would manifest itself in altered heart rate vari- 
ability similar to low parasympathetic tone states. There- 
fore, we designed this study to assess the influences of AD 
on the autonomic innervation of the heart. 


SUBJECTS AND METHODS 


Twenty patients with AD (age, 71.3+8.2 years) and seven vol- 
unteer controls (age, 65.0+2.4 years; P=.059) participated in the 
study. Patients with AD met Diagnostic and Statistical Manual of 
Mental Disorders, Revised Third Edition (DSM-III-R) and National 
Institute of Neurological Disorders and Stroke—Alzheimer’s Dis- 
ease and Related Disorders Associations” criteria for probable 
AD and had Hachinski ischemic scores” of less than 5. Severity 
of the dementia was quantified using the Mini-Mental State ex- 
amination. The mean Mini-Mental State score of patients with 
AD was 18.35+3.18 (range, 13 to 24) and of controls, 30. Patients 
meeting DSM-III-R criteria for a major depressive episode or 
who had a Hamilton Depression Scale” score of greater than 8 
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were excluded from the study. All patients were free of any type 
of cardiomimetic medication. The study protocol was carefully 
explained, and all patients and controls signed an informed- 
consent form. Electrocardiographic recordings were performed 
between 9:30 AM and 12:30 PM. Subjects were placed on a 
comfortable bed and connected to a conventional ECG amplifier 
and FM-tape recorder. After another 5 to 10 minutes for stabili- 
zation, the ECG was continuously recorded for 5 to 10 minutes. 
After a 5-minute break, a second ECG recording was performed, 
with the subject in the upright position, for 5 minutes. All record- 
ings were performed during complete rest. The patients showed 
no evidence of anxiety. Heart rate and blood pressure were mea- 
sured with the patient in the supine and upright positions. 

Off-line analysis of the ECG was performed on a personal mi- 
crocomputer. Electrocardiographic data were played back from 
the FM tape and digitized at 1 kHz with 12-bit resolution. The 
computer program automatically derived the timed appearance 
_ of the ECG R-waves. The consecutive R-R intervals formed the 
tachogram signal. The power spectrum density (PSD) was esti- 
mated for this tachogram using an autoregressive model.'* The 
PSDs were presented in a normalized form, by dividing each PSD 
by its total energy value (the total area under the curve). Then we 
divided the PSD into three frequency bands: low (a), medium (b), 
and high (c). The boundaries between the bands were identified 
using the following algorithm. We calculated the ratio of the en- 
ergy in the low-frequency band (below 0.03 cycle per beat) to that 
in the medium- and high-frequency bands (a/[b+c]). This ratio 
was defined as the Ra index. The R, was calculated for all 
frequency boundaries between a and b+c, in the range of 0.01 to 
0.4 cycle per beat, in increasing steps of 0.01 cycle per beat. The 
cutoff boundary frequency dividing the low- from the medium- 
and high-frequency bands, for which maximal statistical signifi- 
cance was achieved between the R, values of patients with AD 
and those of controls, was chosen as the boundary of the 
low-frequency band. The Mann-Whitney Rank-Sum Test was 
used to check this statistical significance. For these values we 
sought an R, threshold for which the maximal accuracy level was 
achieved (correct identification of patients and controls divided 
by all cases). The levels of sensitivity and specificity were calcu- 
lated accordingly. This data-processing procedure was per- 
formed for patients with AD and control subjects in the supine 
and upright positions. The difference between R, in the upright 
and R, in the supine positions was defined as the SR, index. 

Observing the PSDs of patients with AD and controls, we sus- 
pected that the energy of the medium frequency (b) in patients 
with AD was smaller than in controls. We therefore calculated the 
ratio of the energy in the medium-frequency band to the energy 
in the high- and low-frequency bands (b/[a+c]). This calculated 
index was defined as the Rg index. The procedure of seeking the 
cutoff frequency and Rs threshold was similar to the procedure 
described for the Ra index. For the Ra index, the optimal cutoff 
frequency was sought in the range of 0.06 to 0.12 cycle per beat. 
The values of the different indexes (R4, SR4, and Rs) of patients 
with AD and controls were compared using the Mann-Whitney 
Rank-Sum Test for calculation of statistical significance. A P value 
smaller than .05 was considered significant. 


RESULTS 


Figure 1 depicts a typical tachogram during upright 
posture of a patient with AD and a normal subject, respec- 
tively. It is evident that the two tachograms differed with 
regard to the peak-to-peak amplitude; however, no other 
difference could be identified. The description of these ta- 
chograms in the frequency domains is shown in Fig 2. The 
difference between the patient with AD (Fig 2, top) and the 
normal subject (Fig 2, bottom) is clearly noticeable. In the 
patient with AD, a marked rise is evident in the energy of 
the low-frequency band (below 0.03 cycle per beat) as op- 
posed to the normal subject. 

The Ra was significantly higher in patients with AD than 
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Fig 1.—Typical tachograms of patients with Alzheimer’s disease (AD) 
(top) and controls (bottom) recorded while in the upright position. The 
obvious difference between the two tachograms is their peak-to-peak 
amplitude. The peak-to-peak amplitude of the tachogram of the normal 
subject is about three times the peak-to-peak amplitude of the tachogram 
of the patient with AD. 


in normal subjects in the upright posture (0.41+0.21 vs 
0.23+0.08, P<.05). An R, threshold of 0.213 differentiated 
the patients with AD, with sensitivity of 86%, specificity of 
57%, and overall accuracy of 79% (Fig 3, top). No statisti- 
cal significance was found by comparing the R; values of 
supine patients with AD and controls, although the same 
trend was observable (5.95+1.33 vs 4.64+2.52, P<.1). 

The SR, (Ra upright minus R, supine) was statistically 
higher in patients with AD (0.067+0.07 vs —0.14+0.14, 
P<.02). An SR, threshold of 0.0274 was used as the 
discriminating factor between patients with AD and nor- 
mal subjects, with a sensitivity level of 95%, specificity of 
71.43%, and overall accuracy of 89% (Fig 3, center). 

The Rg (b/[a+c]) was significantly higher in normal 
subjects than in patients with AD in the upright position 
(0.12+0.02 vs 0.07+0.03, P<.002) as well as in the supine 
position (0.11 +0.02 vs 0.085+0.025, P<.05) (Fig 3, bottom). 
The medium-frequency band was between 0.09 and 0.11 
cycle per beat. In the upright posture, an Rg threshold of 
0.0887 discriminated between patients with AD and nor- 
mal subjects, with a sensitivity of 91%, specificity of 100%, 
and overall accuracy of 93%. 

No statistical significance was found between supine 
and upright positions in heart rate and blood pressure of 
controls and patients with AD. 
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Fig 2.—Power spectra of the typical tachograms depicted in Fig 1. Note 
the increased low-frequency content (below 0.03 cycle per beat) 
recorded from a patient with Alzheimer’s disease (top) compared with 
the normal subject (bottom). SQRT indicates square root; PSD, power 
spectrum density. 


COMMENT 


Only a few studies have analyzed the effect of aging on 
power spectrum analysis of the ECG, and even fewer 
studies have addressed the issue of systemic cholinergic 
tone in AD. Malliani et al,” addressing the issue of neural 
regulation of circulation expressed in the frequency do- 
main, compared a well-trained 53-year-old man with a 45- 
year-old man with no physical training. The older subject 
had a much more marked capability of activating the 
sympathetic rhythm. Pagani et al'* analyzed the autospec- 
tra of R-R interval variability in different age groups (20 to 
60 years) and demonstrated only minor differences, with 
the low-frequency component being smaller and the high- 
frequency component being slightly greater in the older 
age group. In our study, patients with AD manifested a 
relatively hypersympathetic, hypoparasympathetic state, 
as documented by the decreased Ry and the increased Ra, 
both while standing and when supine. This depression of 
the cholinergic peak is comparable only with findings re- 
ported in neuropathic diabetic patients; however, in dia- 
betes, the sympathetic- as well as the parasympathetic- 
dependent frequencies are depressed.” 

Neurofibrillary tangles affecting the nucleus basalis of 
Maynert are blamed for loss of cholinergic innervation of 
the cortex and thus for memory impairment. Recent stud- 
ies have demonstrated neurofibrillary tangles in cholin- 
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Fig 3.—Top, A value of the R, index higher than 0.2125 discriminates 
the patients with Alzheimer’s disease (AD) with sensitivity of 86%, 
specificity of 57%, and overall accuracy of 79%. Center, Setting an op- 
timal SR, threshold to be 0.274 identifies 19 of the 20 patients with AD 
(sensitivity, 95%). The specificity level for this threshold is 71%, and the 
overall accuracy level is 89%. In both the R, and the SR, indexes, the 
optimal cutoff frequency was set to 0.03 cycle per beat. Bottom, With 
a cutoff frequency equal to 0.09 cycle per beat, the optimal cutoff fre- 
quency was found to be 0.0887 during testing in the upright position. 
Values of Ry higher than the optimal threshold discriminate the normal 
subjects, with specificity of 100%, sensitivity of 91%, and overall accu- 
racy of 93%. See text for definitions of Ra, SRa, and Rg indexes. 


ergic pedunculopontine neurons as well,” and although 
not yet proved, involvement of vagal nuclei by the AD 
process may result in deficient vagal cholinergic tone. 
Measuring plasma norepinephrine concentration, Raskind 
et al* found increased central and peripheral nervous sys- 
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tem noradrenergic activity at advanced stages of the dis- 
ease. The indexes describing the autonomic neural activity 
measured in the present study may be associated with de- 
creased parasympathetic activity, indirectly measured by 
increased R; and decreased Rg, either as a solitary effect of 
the decreased parasympathetic tone or as a dual effect of 
the last effect together with decreased parasympathetic 
inhibition of sympathetic activity. 

Another interesting phenomenon manifested in our 
study is the discrepancy in the response of the autonomic 
nervous system in healthy controls and in patients with 
AD on changing from supine to a standing position. While 
in healthy controls the Ra index decreased on changing 
from a supine to a standing position, an increase in this in- 
dex was observed in patients with AD under the same 
conditions. We are currently unable to provide a solid ex- 
planation for this observation. 

Although AD is a dementing illness, organs and tissues 
remote from the central nervous system seem to be 
involved as well. This is of paramount importance for un- 
derstanding the pathophysiology of the disease, and as 
peripheral tissues are readily available for investigation, 
they may provide an easy and reliable way for the mon- 
itoring, research, and even diagnosis of AD. 
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An Antispasticity Effect of Threonine in Multiple Sclerosis 
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e To determine whether the naturally occurring amino acid 
threonine, a potential precursor for glycine biosynthesis in 
the spinal cord, has an effect on spasticity in multiple scle- 
rosis, 26 ambulatory patients were entered into a random- 
ized crossover trial. Threonine administered at a total daily 
dose of 7.5 g reduced signs of spasticity on clinical exam- 
ination, although no symptomatic improvement could be 
detected by the examining physician or the patient. In con- 
trast to the side effects of sedation and increased motor 
weakness associated with antispasticity drugs commonly 
used for the treatment of multiple sclerosis, no side effects 
or toxic effects of threonine were identified. Levels of thre- 
onine were elevated in serum and cerebrospinal fluid dur- 
ing treatment, but glycine levels did not change. Enhance- 


‘= ment by threonine of glycinergic postsynaptic inhibition of 


the motor reflex arc in the spinal cord may represent a non- 
sedating, nontoxic approach to the management of spastic- 
ity in multiple sclerosis. 

(Arch Neurol. 1992;49:923-926) 


pasticity has been defined as a motor neuron disorder 
characterized by a velocity-dependent increase in 
tonic stretch reflexes (muscle tone) with exaggerated ten- 
don jerks, resulting from hyperexcitability of the stretch 
reflex.' This restricted physiologic definition does not in- 
clude other features of the upper motor neuron syndrome, 
eg, the “negative” symptoms of weakness and loss of dex- 
terity and the “positive” symptom of flexor spasms.**® In 
patients with the demyelinating disease multiple sclerosis 
(MS), spasticity that interferes with ambulation and dex- 
terity is commonly present.’ Patients with severe para- 
paresis may depend on spasticity to aid in ambulation, but 
flexor spasms and clonus may prevent effective use of re- 
sidual strength. Spasticity may also be accompanied by 
pain or may result in bladder and bowel dysfunction, 
leading to urgency, frequency, and incontinence. 
Threonine, a naturally occurring amino acid, has been 
proposed as a candidate therapy for spasticity, based on 
observations that its administration increases levels of 
glycine in the spinal cords of rats.* The motor reflex arc is 
postsynaptically inhibited by glycine that is normally re- 
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leased from interneurons located in the gray matter of the 
spinal cord and from Renshaw cells.” Threonine might 
reduce spasticity by increasing glycinergic inhibition. Two 
uncontrolled studies have indicated a potential antispas- 
ticity effect in humans.'’"* Herein, we report the findings 
of a double-blind crossover trial of oral administration of 
threonine in a population of patients with MS selected for 
the presence of symptomatic spasticity, relatively pre- 
served motor function, and stable disease course. 


PATIENTS AND METHODS 
Patient Population 


Twenty-six patients with clinically definite MS” were enrolled 
in the study. Patients were drawn from the MS population 
followed at Massachusetts General Hospital (MGH), Boston, and 
from referrals by local neurologists. Ambulatory patients with 
inactive or very slowly progressive MS were eligible. Inactive 
disease was defined as relapsing-remitting MS that has been clin- 
ically stable (ie, nonexacerbating) for more than 2 years. Very 
slowly progressive disease was defined as chronic MS without 
change for at least 1 year, as judged by Ambulation Index and 
Expanded Disability Status Scales (EDSS).'*’° Inclusion and 
exclusion criteria are summarized in Table 1. 


Study Design 


Threonine was supplied as a purified amino acid (Ajinomoto 
Inc, Tokyo, Japan) and was incorporated into 500-mg capsules by 
the research pharmacy at MGH. Placebo capsules contained lac- 
tose NF. Intact threonine and placebo capsules were identical in 
appearance and taste. Treatment group assignment was per- 
formed by the dispensing pharmacist according to a presched- 
uled randomized computer-generated order of administration. 
Neither examiners nor patients were aware of the order in which 
the treatments were given. 

The protocol consisted of two 8-week treatment periods sepa- 
rated by a 2-week washout period. During each treatment period, 
patients were asked to self-administer five capsules three times 
daily, for a total daily dose of 7.5 g. Compliance was assessed by 
frequent patient contact, by return of empty capsule bottles, and 
by measurement of serum threonine levels. Response to treatment 
was judged by physician and patient assessments, research neu- 
rologic measurements of spasticity and function, neurophysio- 
logic quantitation of spasticity, and measurement of changes in 
glycine and other amino acids in cerebrospinal fluid (CSF) and 
blood. 

For each patient, neurologic assessment was performed by the 
same examiner before therapy, at the end of each 8-week 
treatment course, and again following a 2-week washout period. 
Assessment was performed with the EDSS,” the Ambulation In- 
dex, the Ashworth Scale, and a Clinician Spasticity Scale that 
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-Table 1.—Study Inclusion and Exclusion Criteria 


Inclusion criteria 

Men and women aged 18 to 55 y 

Clinically definite multiple sclerosis, inactive or slowly 
progressive form 

The presence, for at least 3 mo, of spasticity or spontaneous 
flexor spasms sufficient in degree to interfere with 
functional activities 

Ambulatory, with Disability Status Score =6 and 
Ambulation Index =5 

Reasonable functional use of arms, eg, Upper-Extremity 
Index of 0 or 1 

Good general health 

Ability to understand the purpose of the study and 
willingness to participate, as demonstrated by signed 
consent form 


Exclusion criteria 

Cancer or serious underlying medical illness (eg, serious 
cardiac disease, renal failure, uncontrolled diabetes 
mellitus, infections, peripheral vascular disease) 

Advanced arthritis, contractures, or other conditions that 
hinder evaluation of joint movement 

Required use of psychoactive drugs, including sedatives, 
hypnotics, antidepressants, or neuroleptics 

Antispasticity treatment within 1 mo, including diazepam, 
baclofen, dantrolene sodium, and corticosteroids 

Chemotherapeutic agents, such as cyclophosphamide or 
azathioprine, within the past 6 mo 





was developed in an earlier pilot study. The Clinician Spasticity 
Scale is a summary of the assessments of four measures: upper- 
extremity muscle tone, lower-extremity muscle tone, reflexes, and 
spontaneous flexor spasms. For each measure, results were 
recorded as improved (I, +1), unchanged (U, 0), or worse (W, —1) 
compared with entry status. The sum of the individual spasticity 
assessment scores thus had a theoretical range between —4 and 
+4. Values less than 0 were considered “worse”; values greater 
than 0, “improved”; and values equal to 0, “unchanged.” 

In addition, a Patient Spasticity Scale was developed for each 
patient that included the three most bothersome symptoms asso- 
ciated with spasticity (eg, painful spasms, nocturnal spasms, 
stiffness, and bladder symptoms). Patient Spasticity Scale scores 
were determined in an identical fashion as described above for the 
Clinician Spasticity Scale. At each follow-up session, response to 
treatment was recorded for each symptom as improved (I, +1), 
unchanged (U, 0), or worse (W, —1) compared with entry status, 
and a composite score was generated. 

Video recordings of gait and of other selected features of the 
examination were also obtained at each session. In addition, the 
examiner recorded a Global Assessment of the patient’s condition 
(ie, improved, unchanged, or worse), and patients reported their 
own Global Assessment of treatment effects by completing a pa- 
tient questionnaire. For Spasticity Scores and Global Assess- 
ments, signed-rank tests were used to compare the outcome of 
threonine vs placebo treatments. 

Patients were asked to keep a diary form on which to record the 
occurrence of spasms and other symptoms of spasticity, as well 
as any adverse side effects or illnesses they experienced. Video 
recordings were reviewed in a blinded fashion by two of us (J.R.L. 
and S.L.H.) at the conclusion of the study. 

Before beginning each treatment course, a research dietitian 
instructed each patient to consume a standard 75-g protein diet, 
to be continued until completion of the study. Blaod was drawn 
for standard laboratory tests, and an electrocarciogram and a 
chest roentgenogram were obtained. 

At the end of each treatment period, patients were admitted to 
the MGH Clinical Research Center. Electrophysiologic studies 
included H-reflex (H max/M max ratio), F response (F mean/M 
max ratio), and vibratory inhibition of the H-reflex determina- 
tions. the H max/M max ratio is determined by comparison of the 
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| ~ Table 2.—Population Characteristics 
; of the Study Group* 


Variable Value 


Age, y 41+6.5 
Sex, F/M 15/11 
Disease duration, y 12+7.4 


EDSS score 
Al 


*Data are presented as mean+SEM unless otherwise indicated. EDSS 
indicates Expanded Disability Status Scales; Al, Ambulation Index. 


maximum amplitude of an H reflex to the maximum amplitude of 
the compound muscle action potential in the same muscle. Single 
electrical stimuli were delivered to the popliteal nerve in the 
popliteal fossa and the H reflex and compound muscle action po- 
tential was recorded with surface electrodes placed over the soleus 
muscle. The H max/M max ratio reflects the percentage of mo- 
toneurons in the motoneuron pool that can be activated by the H 
reflex. When the excitability of the motoneuron pool is increased, 
such as in spasticity, a greater number of motoneurons are excited 
and therefore the amplitude of H reflex is increased. The F re- 
sponse is measured after delivery of a minimum of 10 supramax- 
imal electrical stimuli. A mean amplitude of measurable F re- 
sponses (>20 pV) is calculated in relation to the maximum am- 
plitude of the compound muscle action potential recorded from 
the same muscle (F mean/M max ratio). Vibratory inhibition of the 
H reflex was recorded by applying vibration to the tendon during 
elicitation of the H reflex from the soleus muscle. The index of 
vibratory inhibition was measured as H max (vibrated)/H 
max X100. Vibratory inhibition of the H reflex is used to evaluate 
the role of presynaptic inhibition at the level of the spinal cord. In 
addition, measurements of the duration of electromyographic 
bursts recorded with surface electrodes placed over tibialis ante- 
rior muscles during foot tapping were also calculated. Simulta- 
neous fasting blood and CSF amino acid levels were measured at 
9 AM following a 10-hour period of complete bed rest. Samples 
were analyzed for threonine and glycine with a Beckman 6300 au- 
tomated amino acid analyzer (Beckman Instruments Inc, Fuller- 
ton, Calif). The treatment code was broken after all clinical and 
laboratory data had been entered into the database. 


RESULTS 


Of the 26 patients who entered the study, 24 completed 
at least one treatment period and 21 completed both treat- 
ment periods. Two patients dropped out during the first 
treatment period, one for nonmedical reasons and another 
in whom additional antispasticity therapy was instituted. 
Two patients dropped out during the second treatment 
period, one because of an MS exacerbation and the other 
because of development of pneumonia (in both cases, the 
first treatment was placebo). Two patients believed that the 
second treatment was not working and stopped therapy 
early (in both cases, the first treatment was threonine); one 
of these patients was convinced to complete the entire 
evaluation and the other returned for clinical examination 
only. The characteristics of the patient population are 
shown in Table 2. 


Clinical Response 


The Figure diagrams the clinicians’ and patients’ assess- 
ments of treatment outcomes for the 21 patients who com- 
pleted both treatment periods. For all comparisons, I indi- 
cates improved; S, same; and W, worse. Response to 
threonine appears on the horizontal axis and response to 
placebo on the vertical axis. For example, reading down 
from the upper left-hand corner of the Figure correspond- 
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Paired analysis of threonine vs placebo treatment on outcome measures 
for the 21 patients who completed both treatment arms. For all compar- 
isons, | indicates improved; S, same; and W, worse. P values (threonine 
vs placebo) were determined by the signed-rank test. 


ing to the Clinician Spasticity Scale, one patient improved 
while receiving threonine therapy and placebo therapy, 
eight improved while receiving threonine and remained 
the same while receiving placebo, and two improved while 
receiving threonine and became worse while receiving 
placebo. Paired data analysis of response to threonine vs 
placebo therapy identified that a treatment effect was 
present for the Clinician Spasticity Scale score (P=.036, 
signed-rank test) but not for the Patient Spasticity Scale 
score or for the Global Assessment end points. There was 
no difference in Ashworth scores between the threonine 
(7.7+2.5 [SEM]) and placebo (7.5+2.1) treatments; how- 
ever, values for both treatments were different from base- 
line values (8.9+2.0) (analysis of variance, F=4.08, P=.024; 
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Table 3.—Plasma and Cerebrospinal Fluid (CSF) 
Amino Acid Levels During Threonine and 
Placebo Treatments* 








Placebo 
Treatment 










Variable Threonine Treatment 











Plasma threonine 662.0+262.3 141.1+38.9 
Plasma glycine 245.5+68.6 252.6+54.8 
CSF threonine 118.8+57.8 33.3+12.4 





6.0+3.9 


*Results are expressed as mean+SEM. 


CSF glycine 6.8+3.5 


Duncan’s Multiple Range test). There was no evidence of 
either a carryover effect or of a period-treatment interac- 
tion. 


Laboratory Evaluations 


Laboratory determinations (mean+SEM) of amino acid 
levels are shown in Table 4. While plasma and CSF thre- 
onine levels increased fourfold, plasma and CSF glycine 
levels did not differ between treatments. No differences in 
electrophysiologic measures (H max/M max ratio, F 
response, vibratory inhibition of the H-reflex, or duration 
of electromyographic bursts) were associated with threo- 
nine treatment compared with placebo treatment (data not 
shown). 


COMMENT 


These data indicate that modest suppression of the clin- 
ical signs of spasticity in a population of patients with MS 
was achieved with oral administration of threonine. De- 
spite this effect, no improvement in symptoms of spastic- 
ity or in global neurologic function was associated with 
therapy. While the clinical effects observed in this trial do 
not support the use of threonine in the treatment of MS, the 
clear reduction of spasticity scores in treated patients sug- 
gests that additional studies, employing higher daily dos- 
ages or combination therapies, may identify a therapeutic 
role for this amino acid in the treatment of this disease. 

Glycine is thought to function as an important postsyn- 
aptic transmitter released by inhibitory interneurons and 
by Renshaw cells responsible for recurrent inhibition.”"” 
One approach to the pharmacologic treatment of spastic- 
ity would thus attempt to increase glycinergic neurotrans- 
mission in the spinal cord. Experiments in rodents have 
indicated that administered glycine does not cross the 
blood-brain barrier.” Glycine is normally synthesized 
from serine in a reversible reaction catalyzed by the 
enzyme serine transhydroxmethylase, but administration 
of serine to rodents did not increase brain levels of glycine, 
probably because this enzyme is saturated by serine under 
normal physiologic conditions. Serine transhydroxmethy- 
lase is identical to threonine aldolase and is unsaturated 
with threonine at normal brain concentrations.'*'? The jus- 
tification for human trials was further supported by the 
finding that oral administration of threonine resulted in 
significantly increased levels of glycine in the spinal cords 
of rats.” 

In our study, threonine treatment was associated with 
increases in threonine, but not glycine, levels in the blood 
and CSF. The rise in CSF threonine levels with treatment 
supported animal data indicating passage of this amino 
acid across the blood-brain barrier. It was surprising that 
CSF glycine levels did not change, as an earlier unblinded 


Threonine in Multiple Sclerosis—Hauser et al 925 


study had reported increases in CSF fluid glycine levels in 
six patients with spinocerebellar degeneration who were 
treated with only 500 mg/d of threonine"; clinically 
significant antispasticity effects of treatment were also de- 
_ scribed at this dosage. Present data are supported by 

results of a concurrent trial in familial spastic paraplegia.” 
= In that population, a dosage of up to 6.0 g/d of threonine 
was employed; no rise in CSF glycine levels occurred, and 
a reduction in the signs of spasticity was found. It is pos- 
sible that, in threonine-treated patients, glycine levels may 
increase in the spinal cord without measurably increasing 
in the CSF. 

Neurophysiologic measures, including H max/M max, 
F response, vibratory inhibition of the H-reflex, electro- 
myographic burst duration, and maximum foot tap rate, 
= were not different between the treatment and control pe- 
riods. Mild improvement in some physiologic correlates of 
spasticity, particularly vibratory inhibition, has been re- 
ported following intramuscular administration of diaz- 
epam,”' but further studies in larger patient populations 
are needed to identify the clinical role of these tests for 
quantification of spasticity. 

Threonine therapy was not associated with any side ef- 
fect or toxic effects in this population. Particularly, no sed- 
ative effects were observed, in contrast to those associated 
with other antispasticity drugs commonly used in the 
treatment of MS, including baclofen, diazepam, and dan- 
trolene sodium.” Eosinophilia, a complication of tryp- 
tophan administration,“~ did not occur with threonine 
administration. Furthermore, no patients receiving threo- 
nine complained of increased motor weakness, another 
frequent side effect of conventional antispasticity drugs. It 
is possible that postsynaptic glycinergic suppression of 
motor reflexes may preserve residual pyramidal function, 
in contrast to approaches that inhibit the motor reflex arc 
presynaptically (eg, baclofen and diazepam) or that reduce 
muscle contraction (eg, dantrolene). While additional 
-= studies are required to clarify the role of threonine as pri- 
mary or adjunctive therapy for spasticity, current results 
indicate that measurable changes in indexes of spasticity 
occur with oral administration of this naturally occurring 
amino acid. 
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Clinical Diagnosis of Alzheimer’s Disease and Other 
Dementias in a Population Survey 


Agreement and Causes of Disagreement in Applying Diagnostic and Statistical 
Manual of Mental Disorders, Revised Third Edition, Criteria 


Laura Fratiglioni, MD; Michaela Grut, MD; Yvonne Forsell, MD; Matti Viitanen, PhD; Bengt Winblad, PhD 


e In a population survey aimed to detect cases of Alzhei- 
mer’s disease and other dementias, two preliminary diag- 
noses were made independently with the purpose of using 
the concordant diagnoses as final diagnoses. Diagnostic and 
Statistical Manual of Mental Disorders, Revised Third Edi- 
tion, diagnostic criteria were followed. The 668 subjects 
examined were selected from the population of an area in 
Stockholm, Sweden, aged 75 years or more, with the Mini- 
Mental State Examination used as a screening test. The 
agreement on dementia diagnosis was moderate (k=.54) 
and could be clearly improved (k=.70) with modifications 
to the diagnostic criteria, such as adding a category of 
questionable dementia and giving more guidelines in the 
definition of impairment of a function. The agreement on 
the diagnosis of Alzheimer’s disease vs vascular dementia vs 
secondary dementia was substantial («=.67) when the cases 
with concordant dementia diagnoses were examined. 
(Arch Neurol. 1992;49:927-932) 


Ss" the 1960s, when Alzheimer’s disease (AD) was rec- 

ognized for the first time as a single entity and a major 
public health problem, many significant investigations of de- 
mentia have been carried out.' However, the problems in- 
volved in the clinical diagnosis of AD and other dementias, 
especially in their earliest and mildest stages, are still present 
and hamper further advances. The importance of an early 
and accurate diagnosis has already been stressed by many 
authors,'” and it has been recognized as such a central prob- 
lem that specific interdisciplinary workshops have been or- 
ganized.*® The lack of one or more biologic markers—ie, 
some antemortem measure that identifies diseased individ- 
uals as demented early in the course of the illness and dif- 
ferentiates AD from other forms of dementia’—makes the 
diagnostic process particularly difficult, especially in popu- 
lation surveys. Diagnostic criteria based on clinical data, 
such as the criteria of the Diagnostic and Statistical Manual of 
Mental Disorders, Revised Third Edition, of the American Psy- 
chiatric Association (DSM-III-R)° and those of the National 
Institute of Neurological and Communicative Disorders and 
Stroke and the Alzheimer’s Disease and Related Disorders 
Association (NINCDS-ADRDA),’ have helped both re- 
searchers and clinicians to make more reproducible diag- 
noses, in spite of some weaknesses present in these diagnos- 
tic classifications.’ 
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In a population survey on aging, called the Kungsholmen 
Project, ongoing in Stockholm, Sweden, we used the DSM- 
III-R diagnostic criteria to define the cases of dementia and 
different types of dementia. Because we were aware of the 
difficulties in making a clinical diagnosis of AD and other 
dementias, all the diagnoses were made twice by different 
physicians who used the same data and the same diagnostic 
criteria. If the two preliminary diagnoses agreed, this was the 
final diagnosis; otherwise, if the disagreement persisted after 
a discussion, the final decision was made by a supervisor. 
This diagnostic procedure was used to improve the final 
judgment, as we thought it likely that a subject classified as 
demented by different physicians independently had a 
higher probability of being really affected by the disease than 
did a subject diagnosed as demented by only one clinician. 
At the same time, as there was no “gold standard” for judg- 
ing the validity of our clinical diagnoses, we settled for an 
assessment of the agreement between different clinicians. 
Among the potential sources of variability in the clinical di- 
agnoses,’ we focused on differences in the application of 
standard diagnostic criteria. 

In this article we report the results of the comparison 
between the two diagnoses and the impact of our diag- 
nostic procedure on the final definition of AD and other 
dementias. The specific aims of the report are to quantify 
the agreement between different clinicians in applying 
DSM-III-R diagnostic criteria for dementia and different 
types of dementia, to determine the causes of the disagree- 
ment, and to provide some guidelines for increasing the 
reproducibility of the clinical criteria. 


SUBJECTS AND METHODS 


The subjects included in the study were gathered from the 
Kungsholmen Project and consisted of the two groups of persons 
who underwent phase II in the project: 314 individuals with 
Mini-Mental State Examination (MMSE)" scores of 23 or less and 
354 with MMSE scores of 24 or more. The project was based on 
all the inhabitants of an area (Kungsholmen) of Stockholm in Oc- 
tober 1987 who were aged 74 years or more. There were 2368 in- 
dividuals, 1800 female and 568 male, living at home or in an in- 
stitution. In phase I, the whole population was assessed with the 
use of the MMSE as a screening test with a cutoff of 23/24, to dis- 
criminate subjects with and without cognitive impairment. All of 
the subjects who screened positive (MMSE score, =23) and a 
sample of subjects who screened negative (MMSE score, =24) 
underwent phase II. The sample was selected from all the 
screened negative subjects, matched by gender and age with the 
screened positive subjects. A more detailed description of the 
study design of the project has been already reported.'"” 

Phase II consisted of four parts. 

1. A personal interview was performed by one of two nurses, 
including questions on nutrition, daily life, leisure time, and so- 
cial contacts and activities. 
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2. A family interview was done by a nurse with a next of kin 
of the subject. The first part of the interview was similar to sec- 
tion H of the CAMDEX (an English-language structured family 
interview), and the second one consisted of questions on the 
burden of being a relative of a demented person. The first part 
concerned specifically the medical history of the subject and his 
or her family; present functioning of memory, orientation, lan- 
guage, abstract thinking, and calculation; personality changes 
and loss of abilities, hobbies, and interests previously present; and 
time of onset and progression of the dementia symptoms. 

3. A clinical examination was performed by one of three physi- 
cians. This was similar toa comprehensive examination usually per- 
formed in clinical practice, but structured and defined with scoring 
criteria. It included a medical history, physical and neurologic ex- 
amination, cognitive examination, and assessment of depression 
with the relevant subscale of the Comprehensive Psychopatholog- 
ical Rating Scale." The cognitive functions were tested by asking for 
facts of general knowledge and past personal information (mem- 
ory); by object naming and comprehension of commands and sen- 
tences (language); by problem solving and interpretation of prov- 
erbs (abstract thinking); by examining simple motor activities, such 
as dressing, and miming (praxis); by copying figures (visuospatial 
orientation); by calculations and mathematic problems (calcula- 
tion); and by recognition of objects (gnosis). 

4. Laboratory tests were performed to detect secondary de- 
mentias: these tests included albumin, glucose, fructosamine, cy- 
anocobalamin, and thyroid function tests. 

All of the collected information was registered in clinical 
records, and individual items of information were entered in a 
computerized database. 

The diagnostic procedure used to reach the final diagnosis of 
AD and different types of dementia is summarized in the Figure. 
It consisted of the following steps. 

1. A first preliminary diagnosis was made after a common discus- 
sion among the physicians (M.G., Y.F., and M.V., all geriatricians) 
who had examined the patients and the nurses who had performed 
the social and family interviews. The physicians and the nurses were 
unaware of the results of the MMSE performed in phase I. The di- 
agnostic process defined first the presence or absence of dementia 
according to DSM-III-R diagnostic criteria*; second, in all the demen- 
tia cases, the different types of dementia were defined according to 
the DSM-III-R criteria except for multi-infarct dementia. For vascular 
dementia (VD), the scale of Hachinski et al’ was used to support the 
diagnosis: a score greater than 6 indicated VD; lower than 5, AD; and 
5 or 6, mixed dementia (MD). The diagnosis also took into account 
the temporal sequence of the events. The differential diagnosis be- 
tween AD and VD was based only on clinical data, because instru- 
mental examinations, such as computed tomography or magnetic 
resonance imaging, were not performed in all cases. 

2. A second preliminary diagnosis for all of the subjects examined 
in phase II was made by a neurologist (L.F.) who had not participated 
in the data collection. She used the same diagnostic criteria as in the 
first preliminary diagnosis and all of the information collected by the 
other physicians and by the nurses in phase II. Toavoid any influence 
from comments written by her colleagues in the clinical forms and 
questionnaires, she used the computerized data. She was unaware 
of the MMSE results and the first preliminary diagnosis. 

3. The preliminary diagnoses were compared a first time (first 
comparison). The cases with discordant diagnoses were reviewed 
to find patterns of disagreement. The clinicians agreed on some 
new guidelines to be added to DSM-III-R diagnostic criteria, but 
they did not make any final decision on individual cases. 

4. All of the discordant diagnoses and some of the concordant 
ones were reviewed independently by the clinicians in light of the 
common discussion and according to the modified DSM-III-R 
criteria. The reviewed group of the concordant diagnoses was 
chosen, taking into account the severity of dementia: all of the 
mild and moderate cases were reexamined. The reviewed diag- 
noses were then compared a second time (second comparison). 

5. In case of agreement, this was the final diagnosis. Otherwise, 
if the disagreement persisted, the final diagnosis was made by a 
supervisor (B.W.). 
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Examining Clinicians: 
1st Preliminary Diagnosis 
According to DSM-III-R 


Reviewing Physician: 
2nd Preliminary Diagnosis 
According to DSM-III-R 


Ist Comparison 
K1: 

Ist vs 2nd Diagnosis 
Discordant Dx: Concordant Dx 
Discussion and 

DSM-III-R 
Modification 


Examining Clinicians: 
Reclassification According 
to Modified DSM-III-R 


Reviewing Physician: 
Reclassification According 
to Modified DSM-III-R 


2nd Comparison 
K2: 

Examining vs Reviewing Clinician 
Discordant Dx: Concordant Dx 
Decision of 
Supervisor 


Final Diagnosis 


Diagnostic procedure followed in the study to make a final diagnosis of de- 
mentia and different types of dementia. DSM-III-R indicates Diagnostic and 
Statistical Manual of Mental Disorders, Revised Third Edition; Dx, diagnosis. 





The data analysis involved comparison of the preliminary diag- 
noses, before (first comparison) and after (second comparison) the 
common discussion on the DSM-III-R diagnostic criteria. The de- 
mentia diagnosis was divided into either three categories (dementia 
vs questionable dementia vs nondementia) or two categories (de- 
mentia or questionable dementia vs nondementia). The disagree- 
ment was considered complete when one diagnosis was dementia 
and the other was nondementia and partial when one diagnosis was 
uncertain dementia and the other was dementia or nondementia. 
The diagnosis of dementia types was divided into either six catego- 
ries (AD vs VD vs MD vs Parkinson’s dementia vs alcoholic demen- 
tia vs unspecified type) or three categories (AD vs VD or MD vs Par- 
kinson’s dementia or alcoholic dementia or unspecified type). The 
agreement was quantified by means of the following measures.'°"” 

1. Overall percentage agreement was the number of cases with 
the preliminary diagnoses in agreement, over the total number of 
examined subjects. This measure of agreement between two rat- 
ers is a potentially misleading index because chance agreement 
occurs even if there is no systematic tendency for the two raters 
to classify the same individuals similarly.!°~ 

2. Cohen’s x statistic in the examined sample represented the ratio 
between the actual agreement beyond chance and the potential 
agreement beyond chance. The k statistic may be an improvement 
on the simple percentage agreement as it discounts the proportion 
of agreement due to chance. As any interpretation of the k values 
can be only subjective, we used the reference values suggested by 
Landis and Koch" to be consistent with other authors.” When the 
k value was less than .00, the agreement was considered poor; when 
the k value was from .00 to .20, the agreement was considered slight; 
a k from .21 to .40 indicated fair agreement; a x from .41 to .60, mod- 
erate agreement; a k from .61 to .80, substantial agreement; and a k 
from .81 to 1.00, almost perfect agreement. 
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Table 1.—Comparison of Preliminary Diag 
( 








Second Preliminary Diagnosis Nondementia 


Nondementia 










Dementia 
Uncertain diagnosis 50 
Total 418 


3 diagnostic categoriest=75.4% 
2 diagnostic categoriest=80.4% 





noses of Dementia, Made According to DSM-III-R Criteria 
irst Comparison)* 


Overall Agreement: K Index: 








First Preliminary Diagnosis, No. 









Dementia 





Uncertain Diagnosis 


24 4 78 
221 29 668 


3 diagnostic categoriest=.54 


2 diagnostic categoriest=.59 


*DSM-III-R indicates Diagnostic and Statistical Manual of Mental Disorders, Revised Third Edition. 


+Dementia vs nondementia vs uncertain dementia. 
+Dementia or uncertain dementia vs nondementia. 


Table 2.—Comparison of Preliminary Diagnoses of Dementia, Made According to Modified DSM-III-R Criteria 
(Second Comparison)* 


Second Preliminary Diagnosis Nondementia 


Nondementia 
Dementia 
Questionable dementia 
Total 


3 diagnostic categoriest=85.6% 
2 diagnostic categoriest=88.9% 


First Preliminary Diagnosis 


Dementia Questionable Dementia 


3 diagnostic categoriest=.70 





2 diagnostic categoriest=.76 


*DSM-III-R indicates Diagnostic and Statistical Manual of Mental Disorders, Revised Third Edition. 


+Dementia vs nondementia vs questionable dementia. 
+Dementia or questionable dementia vs nondementia. 


3. Estimated xk statistic in the whole population (inhabitants of 
Kungsholmen, aged over 74 years, in 1987) was calculated.” The 
estimation took into account the sampling of subjects screened 
negative by the MMSE. The proportions of agreement and 
disagreement between the two preliminary diagnoses for each 
diagnostic category detected in the sample of screened negative 
subjects were used to estimate the number of screened negative 
subjects with the preliminary diagnoses in agreement and in dis- 
agreement in the whole screened negative population. 


RESULTS 


The 668 subjects who underwent the clinical examina- 
tion were 124 men (18.7%) and 544 women (81.3%). The 
mean age was 83+5 and 85+5 years for men and women, 
respectively. Fifty-two percent of the men and 62% of the 
women had elementary schooling; 48% and 36% had high 
schooling and university education, respectively. 

Table 1 shows the first and second preliminary diagnoses 
of dementia and nondementia according to DSM-III-R cri- 
teria. Without any previous discussion, the clinicians in- 
volved in the first and second preliminary diagnoses had 
added a category of “uncertain cases” to the diagnostic cri- 
teria. According to their definition, this category included all 
the subjects who did not completely fulfill the DSM-III-R cri- 
teria. The second preliminary diagnosis included a higher 
number of uncertain cases than the first preliminary diag- 
nosis, and a lower number of demented and nondemented 
cases. There were 164 subjects with discordant diagnoses, 
40% of which involved complete disagreement and 60% par- 
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tial disagreement. The latter were due mostly to the 74 cases 
classified as uncertain in the second preliminary diagnosis 
and demented or nondemented in the first. The overall 
agreement and the k index are reported in Table 2 for three 
diagnostic categories (dementia vs nondementia vs uncer- 
tain dementia) and two diagnostic categories (dementia or 
uncertain dementia vs nondementia). 

When the disagreement was analyzed in detail, the fol- 
lowing main patterns were found: 26% of the diagnoses in 
disagreement were due to errors in use of the diagnostic 
criteria; 21% were due to patients for whom a relative’s in- 
terview was missing and who showed slight memory and 
cognitive impairment during the clinical examination; and 
10% were due to patients who showed slight memory and 
cognitive impairment during the clinical examination, but 
they or their relatives reported moderate to severe impair- 
ment of these functions with some interference in daily life. 
For the remaining diagnoses in disagreement, no common 
patterns could be discovered. 

As one third of the disagreement was due to the lack of 
defined criteria for the uncertain cases, we decided to add 
to DSM-III-R criteria a new category called “questionable 
dementia.” This category was defined in such a way that 
it included all the patients who had evident impairment, 
detected during the clinical examination, of the functions 
described in all of the items of the DSM-III-R diagnostic 
criteria, except one. Moreover, the clinicians involved in 
the two preliminary diagnoses agreed on some guidelines 
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Table 3.—Items of the Diagnostic Criteria Causing 
Disagreement Between the Two Preliminary 
Diagnoses of Dementia, Made According to Modified 
DSM-III-R Diagnostic Criteria (Second Comparison)* 







Type of Disagreement, No. (%) 





Modified 


DSM-III-R Items Completet Partialt 









Memory impairment 21 (31.3) 9 (20.9) 
Impairment of 1 of the 
other functions 25: (37.3) 10 (23.3) 













Interference with work 


or social life 12 (17.9) 13 (30.2) 
Other psychiatric diseases 
or insufficient data 9 (13.5) 11 (25.6) 





Total§ 





67 (100) 43 (100) 


*DSM-III-R indicates Diagnostic and Statistical Manual of Mental 
Disorders, Revised Third Edition. 

tOne diagnosis was dementia and the other nondementia (53 subjects). 

+One diagnosis was dementia or nondementia and the other was ques- 
tionable dementia (43 subjects). 

§Subjects may have had more than one item causing the disagreement 


on the dementia diagnosis. 



























Table 4.—Comparison of Concordant and Discordant 
Preliminary Diagnoses of Dementia, Made According to 
Modified DSM-III-R Criteria (Second Comparison), and 
Overall Agreement by MMSE Score, CDR Staging, and 
Presence of the Family Interview* 


No. (%) of Cases 


Sse Le, ee 
Concordant Discordant Agreement, 
Diagnosis Diagnosis % 








MMSE score 


0-17 140 (25) 30 (31) 82 
18-20 30 (5) 12 (13) 71 
21-23 69 (12) 33 (34) 68 
24-26 116 (20) 13 (14) 99 
27-30 217 (38) 8 (8) 96 





CDR scale 


Nondementia 399 (70) 45 (47) 90 
Questionable 
dementia 7 (1) 16 (17) 30 
Mild dementia 38 (7) 22 (23) 63 
Moderate dementia 89 (16) 10 (10) 90 
Severe dementia 39 (7) 3 (3) 93 
Family interview 
Absent 154 (27) 36 (38) 81 


Present 418 (73) 60 (62) 





*DSM-III-R indicates Diagnostic and Statistical Manual of Mental 
Disorders, Revised Third Edition; MMSE, Mini—Mental State Examina- 
tion; and CDR, Clinical Dementia Rating. 


to define the impairment of a function when symptoms 
(reported by the subject) and signs (detected during the 
clinical examination) were discordant. The following spec- 
ification was added to the first two items of DSM-III-R di- 
agnostic criteria: “to define the impairment of a function, 
the detection of a very slight alteration of that function, 
even if associated with reporting of the impairment by the 
subject and/or the interviewed relative, is not sufficient.” 

Table 2 reports the preliminary dementia diagnoses re- 
viewed after the discussion, and made according to the 
modified DSM-III-R criteria. The disagreement was still 
present in 96 cases; disagreement was complete in 55% of 
these and partial in 45%. The overall agreement and the k 
index are reported in Table 2 for three diagnostic catego- 
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ries (dementia vs nondementia vs questionable dementia) 
and two diagnostic categories (dementia or questionable 
dementia vs nondementia). 

Table 3 lists the items of DSM-III-R criteria causing the dis- 
agreement in the second comparison. The analysis was lim- 
ited to the cases with discordant diagnosis and included all 
of the items with discordant results. The items concerning 
memory and other cognitive functions were the most fre- 
quent causes of complete disagreement; the items concern- 
ing interference with social activities and presence of other 
psychiatric diseases were the most frequent causes of partial 
disagreement. The subjects with the diagnoses in disagree- 
ment did not differ from those with diagnoses in agreement 
for sex (21% vs 18% male), age (49% vs 52% in age group 75 
to 84 years), and educational level (64% vs 60% elementary 
school). A difference between these two groups was present 
in the distribution of the MMSE scores and severity of de- 
mentia (Table 4). The severity of dementia was staged ac- 
cording to the Clinical Dementia Rating Scale” on the final 
diagnoses. The agreement was lower in the mild and mod- 
erate forms of dementia and for the cases with MMSE scores 
of 18 to 23. Moreover, the subjects with discordant diagnoses 
were missing the relative’s interview more frequently than 
were the subjects with concordant diagnosis. 

With regard to the different types of dementia, the 
results of the two preliminary diagnoses are reported in 
Table 5. They concerned the 166 subjects who were classi- 
fied as demented in both preliminary diagnoses in the first 
comparison. The second preliminary diagnosis defined 
more cases as unspecified dementia than did the first pre- 
liminary diagnosis. The overall agreement and the x index 
are reported in Table 5 for six diagnostic categories (AD vs 
VD vs MD vs Parkinson's dementia vs alcoholic dementia 
vs unspecified dementia) and three diagnostic categories 
(AD vs VD or MD vs Parkinson’s dementia or alcoholic 
dementia or unspecified dementia). 

No common patterns of disagreement could be discerned, 
and consequently, the diagnostic criteria for AD and other 
types of dementia were not modified. The data in the second 
comparison were similar to those in the first comparison. The 
disagreement was due mostly to the category “unspecified 
type” and to the differential diagnosis between AD and VD. 
An analysis of these cases showed that in the first prelimi- 
nary diagnosis, the clinicians had more pieces of information 
than did the clinician making the second preliminary diag- 
nosis, who missed some data because of mistakes in the cod- 
ing or inadequacies in the questionnaire. 

The « in the whole Kungsholmen population was esti- 
mated for the first and second comparisons. In the first 
comparison, the proportion of cases in agreement on de- 
mentia (2%) and nondementia (83%), and the proportions 
of disagreement (3% and 12%) in the sample of screened 
negative subjects were applied to the 1425 subjects who 
were screened negative by the MMSE. The x value for de- 
mentia was .51 with two diagnostic categories. The same 
procedure was done for the different types of dementia, 
and the k was .66 with three diagnostic categories. In the 
second comparison, the k values for two categories of de- 
mentia diagnosis and for three categories of dementia type 
diagnosis were .72 and .65, respectively. 


COMMENT 


The clinical diagnosis of the dementing disorders in pop- 
ulation surveys is particularly difficult, as other authors have 
already discussed.”*° One simple cause is that in a popula- 
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Table 5.—Comparison of the Preliminary Diagnoses of Dementia Types, Made According to DSM-III-R Criteria 
| (First Comparison)* 






First Preliminary Diagnosis, No. 








Second Alzheimer’s Vascular Mixture Parkinson’s Alcoholic Unspecified 
Preliminary Diagnosis Disease Dementia Dementia Dementia Dementia Type 





Total 






















Alzheimer’s disease 83 6 1 0 3 3 96 
Vascular dementia 2 23 4 0 0 0 29 
Mixture dementia 7 5 2 0 0 0 14 
Parkinson’s dementia 0 1 0 6 0 1 8 
Alcoholic dementia 1 0 0 1 5 0 7 
Unspecified type 5 1 1 1 1 3 12 
Total 98 36 8 8 9 7 166 
6 diagnostic categoriest=7 3.5% 6 diagnostic categoriest=.57 


3 diagnostic categories#=81 .3% 3 diagnostic categoriest=.67 


*DSM-III-R indicates Diagnostic and Statistical Manual of Mental Disorders, Revised Third Edition. 
+Alzheimer’s disease vs vascular dementia vs mixture dementia vs Parkinson’s dementia vs alcoholic dementia vs unspecified dementia. 
+Alzheimer’s disease vs vascular dementia or mixture dementia vs Parkinson’s dementia or alcoholic dementia or unspecified dementia. 








tion survey, the contact with the subject and his or her family cians, and in the second preliminary diagnosis the clinician 
is necessarily more limited than during clinical work. More- was a neurologist), coming from different schools and dif- 
over, the different distribution of the morbidity, with more ferent cultural backgrounds. Moreover, in our study we ex- 
mild cases than in a clinical setting, and the need to distin- | amined very old subjects, with a mean age of 84.4+5.4 years, 
guish the earlier manifestations of these conditions playa and 20% were more than 90 years old. Because of the selec- 
very important role. This is particularly true in an elderly tion of the subjects with the MMSE as a screening test and 
population, where the distinction between dementia and the sampling of screened negative subjects (matched by age 
normal aging becomes more and more difficult with increas- and sex with the screened positive subjects), the examined 
ing age. The separation between normality anddementiade- 668 individuals represent a group in which the differential — 
pends on which level of cognitive impairment is chosen to diagnosis between normal aging and dementia, and among 
define the disease. The DSM-III-R criteria identify this level different types of dementia, is particularly difficult. 


with interference in work and social life. If “normality” in On the other side, a high value of x can result because of 
work activity and social life is always difficult to examine the heterogeneity of the examined population with regard to 
and judge, with elderly people it sometimes becomes prob- the presence or absence of dementia. The “true” dementia 


lematic even to establish which activities can be examined.” prevalence in the examined subjects is approaching 50% be- 
Elderly people decrease the number of activitiesina variable cause of their selection from the study population with the 
way depending on the family situation, personality of the | MMSE asa screening test. It has been shown that the k sta- 
subject, type of society,and physical healthstatusratherthan tistic depends not only on the sensitivity and specificity of 
cognitive impairment. Finally, the multimorbidity that is each ofthe two raters, but also on the “true prevalence” (base 
more common in old age and can interfere in some way in rate) of the characteristic in the studied population."”*' More 
the cognitive functioning, at least during the examination, is specifically, as the “true prevalence” approaches 0 or 1, the 
another source of difficulties in differential diagnosis. value of the x statistic necessarily approaches 0 with fixed 
If the clinical diagnosis of AD and other dementias is sensitivities and specificities of the two raters (ie, fixed levels 
difficult, as discussed above, many factors limit also the of diagnostic error). We reconstructed the likely pattern of 
study of the quality of the diagnosis.” Our study concerned agreement in the whole population, and the k values for the 
only one aspect of the validity of a diagnosis: the repro- dementia diagnosis and for different types of dementia in the 
ducibility of standard diagnostic criteria, DSM-III-R, first comparison slightly decreased, but they were still mod- 
which are among the most frequently used clinical criteria erate according to Landis and Koch." 
for dementias in epidemiologic studies. The dependence of x on the true prevalence must be taken 
One of the most relevant results of our study is the high into account when comparison with other studies is per- 
agreement found in the first comparison. The agreement on formed. Kukull et al” reported an average x among four dif- 
the diagnosis of dementia was moderate (upper limit of the ferent clinicians that was .55 with the application of DSM-III 
class) both when an “uncertain diagnosis” category was criteria ina sample of 62 subjects (39 affected by AD or MD). 
used and when it was not. With regard to the diagnosis of | The diagnoses were grouped into “AD” (including mixed 
different types of dementia, the agreement was calculated cases) and “no AD” (including no dementia and non-AD de- 


with the inclusion of only the cases with concordant diag- mentia). When similar grouping is done, the k value from our 
nosis on dementia. When AD, VD or MD, and secondary de- data in the first comparison is .47. The two results are close, 
mentia were taken into account, the agreement was substan- especially if we consider the different base rate in the exam- 
_ tial (k=.67). This level of agreement can be considered more ined samples. A similar xk value (mean k among four clini- 


impressive if we take into account that the clinicians in- cians, .49) was reported by Lopez et al’ with the application 
volved in the comparison had different specializations (in ofthe National Institute of Neurological and Communicative 
the first preliminary diagnosis the clinicians were geriatri- Disorders and Stroke and the Alzheimer’s Disease and Re- 
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lated Disorders Association diagnostic criteria in a sample of 
30 demented and 10 nondemented subjects. 

As expected, in the second comparison the agreement on 
the dementia diagnosis was higher than in the first one, be- 
cause the physicians agreed on some guidelines to distin- 
guish the cognitive decline of normal aging from dementia. 
The new guidelines were integrated into DSM-III-R criteria. 
Specifically, we added a new category of “questionable de- 
mentia” and specifications to the first two items of DSM-III-R 
criteria to judge the impairment of a function when the symp- 
toms (reported by the subject or by an informant) and the 
signs were controversial. Jorm and Henderson’ pointed out 
the problems due to the lack of a gradation in DSM-III for each 
symptom and for the final diagnosis. They, as well as other 
authors,** emphasized the importance of establishing more 
precise criteria to judge the information from relatives. 

The higher agreement found in the second comparison 
seems to indicate that the reproducibility of the clinical di- 
agnosis of dementia using the DSM-III-R criteria can be 
improved by adding some specifications to the diagnostic 
criteria. However, this result should be further investi- 
gated with the application of the modified DSM-III-R cri- 
teria in a new population to achieve a more valid estimate 
of their reliability. 

The disagreement that is still present in the second com- 
parison indicates that more modifications in the diagnostic 
criteria are necessary to increase further the reproducibility, 
especially for the mild cases (Table 4). In agreement with 
Mowry and Burvill? our data point out the importance of a 
better definition of the item concerning interference with so- 
cial life and presence of other psychiatric diseases to differ- 
entiate the patients with mild cases of dementia from non- 
demented subjects. Moreover, as the disagreement was 
more frequent among cases without an interviewed relative 
than among cases with an informant, the importance of add- 
ing guidelines concerning the family interview is once more 
underlined, in agreement with others.** 

Finally, the lack of improvement in the agreement on the 
diagnosis of dementia types between the first and second 
comparisons is due to the lack of common patterns of dis- 
agreement. In this case, the disagreement was due more to 
the limitation in the diagnostic instruments (clinical form 
and questionnaire used to get the information) and their 
coding system than to the diagnostic criteria. 

While reproducibility is necessary to have a valid diagno- 
sis, high reproducibility is not sufficient to guarantee valid- 
ity.” The « value is a measure of reproducibility, but it can 
be interpreted in terms of validity when any correlation of 
the errors made by the two raters is excluded.*! When the 
errors are correlated in such a way that the first and second 
raters tend systematically to misclassify the same individu- 
als, the value of x is inflated so that it gives an overly reas- 
suring impression of the quality of judgment. In our situa- 
tion, the errors of the clinicians in the preliminary diagnoses 
can be correlated as they used the same data and the same 
diagnostic criteria. However, they were totally unaware of 
the interpretation of the symptoms and signs and the results 
of the other clinician. Moreover, they never discussed to- 
gether the application of the DSM-III-R diagnostic criteria 
before the first comparison. In conclusion, from our data it 
is not possible to judge if the sensitivity and specificity of the 
final diagnosis are improved in respect to the preliminary 
diagnoses. However, the final diagnosis was more reproduc- 
ible and less affected by errors in the use of the diagnostic 
criteria, which is necessary for improving validity. 
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In conclusion, our study shows that the reproducibility of 
dementia diagnoses according to the DSM-III-R criteria is 
good, but it can be further improved with simple modifica- 
tions. The agreement on the diagnosis of dementia type was 
substantial when three categories (AD vs VD vs secondary 
dementia) were considered, and it can be possibly improved 
with modifications in the diagnostic instruments rather than 
in the diagnostic criteria. While the present study found 
good agreement with the use of DSM-III-R criteria and even 
better agreement with the modified DSM-III-R criteria, this 
does not imply that our diagnoses are close to the “truth.” It 
will be possible for us to verify the sensitivity and specificity 
of our diagnoses when the longitudinal and neuropathologic 
data are available from the follow-ups of the Kungsholmen 
population. 
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The Role of Dominant Premotor Cortex and Grapheme 
to Phoneme Transformation in Reading Epilepsy 


A Neuroanatomic, Neurophysiologic, and Neuropsychological Study 
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e We studied a 24-year-old man who had reading epilepsy 
after removal of a left frontal arteriovenous malformation. 
Lesion analysis by means of a neuroanatomic template 
placed a 2-cm region of encephalomalacia anterior to the 
left central sulcus in premotor cortex (Brodmann’s area 6). 
Lexical and nonlexical reading activation tests demon- 
strated seizures during reading and increased discharge 
rates when the patient was reading aloud or silently artic- 
ulating. Seizures (perceived or actual jaw clicking) were 
electrographically characterized by brief left frontocentral 
epileptiform transients. Grapheme to phoneme transforma- 
tion, not linguistic complexity, appears to be the critical 
stimulus in some reading epilepsies. The case adds anatomic 
relevance to the phonologic component of reading and 
supports the putative role of dominant premotor cortex in 
activation of precise sequences of motor linguistic output in 
reading and writing. Reading epilepsy may be a reflex or 
action myoclonus syndrome localized to Brodmann’s area 
6 (Exner’s area). 
(Arch Neurol. 1992;49:933-939) 


B ickford and colleagues,’ in 1956, were the first to 

describe reading epilepsy. This relatively uncommon 
reflex epilepsy is characterized by the occurrence, during 
reading, of myoclonic movements of the jaw (or sensations 
of movement in the jaw or throat). Continuation of a read- 
ing task is associated with increasing frequency of these 
movements, culminating in a convulsion. In the syndrome 
delineated by Bickford and colleagues, each myoclonic jaw 
jerk was associated with a brief, bilaterally synchronous 
paroxysmal discharge on electroencephalograms (EEGs). 
More than 60 reports have been published to date describ- 
ing myoclonic seizures induced either by reading exclu- 
sively or accompanying other language tasks, such as 
speaking or writing. 

The physiopathologic and neuroanatomic basis of this 
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curious disorder has remained enigmatic. Bickford and- 
others** considered the “proprioceptive bombardment” 
from jaw and laryngeal muscles on abnormally excitable 
motor cortex to be critical in precipitating seizures. These 
authors stressed subvocalizations and the phonologic 
component of reading in their hypothesis. Critchley et alP 
proposed a coalescence of multiple factors in the produc- 
tion of a seizure while reading: level of attention, visual 
pattern, and proprioceptive impulses from jaw and ocular 
muscles. Conversely, the cases of Geschwind and Sher- 
win,° Forster,’ Ramani, and others stress the semantic or 
lexical elements of reading in seizure precipitation. Both 
Geschwind and Sherwin’ and Forster’ posited theories of 
reading epilepsy as a disorder of central language mech- 
anisms evoked by higher cognitive functions. 

We studied a case of symptomatic or “lesional” reading 
epilepsy in which seizures were precipitated by subvocal- 
izations and vocalizations during reading. Neuroimaging 
demonstrated acquired encephalomalacia anterior to the 
central sulcus on the left. Ictal discharges on scalp EEG 
were localized to the left frontocentral region. The case 
may support the initial conclusions of Bickford and asso- 
ciates' and enforces newly accumulating evidence on the 
importance of left frontal cortices in the reading process. 


REPORT OF A CASE 


A 23-year-old right-handed man was examined in our adult 
epilepsy clinic. Four years previously, he had suffered a left fron- 
tal hemorrhage associated with the sudden onset of expressive 
aphasia. Four days after presentation, a left frontal arteriovenous 
malformation was removed. He started taking phenytoin perio- 
peratively but discontinued it against medical advice. Two 
months postoperatively, he began to experience habitual episodes 
of “electrical or clicking sensations” in his head/jaw associated 
with a brief forced expiration. These occurred only when he was 
reading; on three occasions, when he continuing to read despite 
clusters of recurrent spells, witnessed convulsions resulted. The 
frequency of these spells was noticed to be greatly enhanced by 
reading while the patient was hungry or fatigued. Recent enroll- 
ment in a local community college and consequent reading 
requirements had exacerbated this phenomenon and compelled 
neurologic re-evaluation and reinstitution of phenytoin therapy. 
He had developed a distinct style of reading for short periods, 
discontinuing at the occurrence of a single habitual spell, and re- 
suming a minute or so later. 

There was no family history of epilepsy. The patient’s medical 
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history was otherwise unremarkable. There was no history of de- 
velopmental learning disability or traumatic head injury. Neither 
the patient nor family members noted any personality or behav- 
ioral changes associated with the frontal-lobe lesion and its 
removal. There were no obvious expressive or receptive speech 
difficulties on initial evaluation. A mild flattening of the right na- 
solabial fold was observed. Results of motor, sensory, and cere- 

bellar testing were unremarkable. Comparative mild hyperre- 
flexia of the right upper extremity was noted. Two baseline EEGs 
performed twice during the 4 years after surgery were normal. 
Previous computed tomographic scans as well as a recently ob- 
tained magnetic resonance (MR) i image (Fig 1, center) rev ealed a 
2-cm region of encephalomalacia in the left. frontal lobe, presum- 
ably the site of previous arteriovenous malformation removal. 

A neuropsychological evaluation was performed 8 days before 
activation tests. A listing of specific neuropsychological results is 
given in Table 1. 

Scores on the Wechsler Adult Intelligence Scale-Revised? fell in 
the average range of intellectual functioning. No specific deficits 
were evidenced, with above-average performance being noted on 
the picture completion and comprehension subtests. 

Review of the Wechsler Memory Scale—Revised" was sugges- 
tive of a deficit in verbal memory, in particular on tests measur- 
ing recall of paragraphs read to the patient for both immediate 
and delayed recall. Overall, however, his delayed memory 
appeared average, even when his lowered scores on these partic- 
ular measures was considered. Memory for Rey Ostrietth Com- 
plex Figure" at 3 minutes was above average, as was the copy 
phase of the test. 

On the Wide-Range Achievement Test—Revised," he read at the 
12th grade level. While reading the Wide-Range Achievement 
Test-Revised word list, he reported the subjective experience of 
a seizure. Word production was good, as evidenced by the Bos- 
ton Diagnostic Aphasia Examination” and the Controlled, Word 
Association Test.'* No evidence of aphasia, agraphia, or alexia 
was found in testing. All scores on the Boston Diagnostic Apha- 
sia Examination were either perfect or above the 90th percentile. 
The Wisconsin Card Sorting Test’? appeared sensitive to difficul- 
ties in shift of set (three categories correct) and to the number of 
perseverative errors (43) and total errors (51). Motor performance 
was intact for a right-handed man. 

Because of concerns about gingival hyperplasia, the patient's 
dose of phenytoin was tapered, and carbamazepine monotherapy 
was instituted. At a dosage of 200 mg orally three times daily, the 
patient experienced a remission from his presumed reading- 
evoked seizures. This alteration in his antiepileptic drug therapy 
was undertaken before the studies and activation testing that will 
be described below. 


MATERIALS AND METHODS 
Neuroanatomic Study 


Neuroanatomic study was based on the analysis of MR images 
according to the standardized procedures and template system of 
Damasio and Damasio."® This method of lesional mapping calls 
for the determination of the angle of incidence in which MR im- 
aging cuts are obtained by means of a midsagittal pilot scan (Fig 

1, top). On the basis of this determination, an appropriate 
template system for plotting the abnormal images was chosen. 
The lesion was charted on the templates with standard X-Y plot- 
ting methods. A transparency containing boundaries of Brod- 
mann cytoarchitectonic fields was then superimposed on the 
chart, and areas of damage were assigned to the fields that over- 


Fig 1.—Top, Midsagittal magnetic resonance image demonstrating 
angle of incidence of horizontal cuts on which lesion mapping was 
based. Center, T2-weighted (repetition time, 2800 milliseconds; echo 
time, 80 milliseconds) horizontal cut corresponding to level 33 in pi- 
lot scan. A 2-cm region of high signal abnormality is seen anterior to 
the left precentral gyrus. Bottom, Tracing of the image at center dem- 
onstrating the relationship of the patient’s lesion to the central sulcus 
(CS). 
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Table 1.—Neuropsychological Test Results 









































Wechsler Adult Intelligence Scale—Revised 


Verbal scale IQ 105 

Performance scale IQ 104 

Full-scale IQ 105 

Scaled subtest scores 

Verbal test 

Information 10 
Digit Span 10 
Vocabulary 10 
Arithmetic 10 
Comprehension 13 
Similarities 11 


Performance tests 


Picture Completion 14 
Picture Arrangement 9 
Block Design 10 
Object Assembly 12 


it Symbol 9 
Wechsler Memory Scale-Revised 
Subtest index scores 


Di 








Verbal Memory 90 
Visual Memory 95 
General Memory 90 
Attention/Concentration 96 
Delayed Recall 102 
Percentiles for selected scores 
Digit Span Forward 52 
Digit Span Backward 42 
Visual Memory Span Forward 52 
Visual Memory Span Backward 52 
Logical Memory | 24 
Logical Memory II 35 
Visual Reproduction | 54 


Visual Reproduction II 93 
Wisconsin Card Sorting Test 






No. correct 77 
Errors 51 
Perseverative responses 66 
Nonperseverative errors 8 
Perseverative errors 43 






Categories 

Boston Naming Test 
Total score 54 
Trail Making Test 














Trails A, s 
Trails B, s 
Wide-Range Achievement Test-Revised (1984 Edition)* 
64/97/42/12E 
31/95/37/10E 
34/94/34/10B 
Controlled Word Association Test 
Total words 45 
Grip Strength 







Reading 
Spelling 
Arithmetic 













Right, kg 
Left, k 






Finger Tapping (Average, 10 s) 


Rey Ostrietth Complex Figure Test 







Copy score 
3-min recall 


*Scores are given as raw score/standardized score/percentile/grade 
equivalent. 
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lapped them. The MR image on which analysis was based had 
been obtained approximately 4 years after the patient's surgery, 
ensuring a stable, nonevolving image for analysis. The lesion was 
plotted independently at another institution for verification. 


“Priming” Reading Sessions 


Priming reading sessions were performed as suggested by the 
reading epilepsy protocol of Christie et al.’ These were adminis- 
tered four times at approximately hourly intervals during an ac- 
tivation testing protocol lasting 3 hours 41 minutes. During 
priming sessions, the patient was instructed to read aloud from 
random passages of the New Testament. This text was chosen 
because of its intermediate level of difficulty and proved ability 
to provoke habitual seizures. Each priming session was discon- 
tinued at the onset of the first seizure, and the latency of the re- 
sponse was recorded. The patient was then told to rest for several 
minutes before going on to the next test. The purpose of these so- 
called priming tasks was to ensure that a similar baseline of ex- 
citability existed through the duration of testing and that a phys- 
iologic steady state could be clinically approximated. 


Activation Tests 


The patient was instructed to taper his carbamazepine dose 
during the week before provocative testing. He was deprived 
of sleep and had fasted on the day of testing. He was advised 
to discontinue participation at any time during the protocol if 
he experienced undue discomfort or anticipated clustering of 
seizures and possible generalization. He was asked to signal 
by raising his hand every time he experienced a seizure. The 
EEG investigations were carried out by means of continuous 
combined video/EEG monitoring with simultaneous rendering 
to hard copy for physician annotation. The international 10-20 
system of electrode placements was used, and recordings were 
done on both longitudinal and transverse bipolar montages. 
Two channels were devoted to submental electromyography 
and respiratory strain gauge. 

The protocol included control and reading tasks. Control tasks 
were as follows. (1) The patient was requested to scan visually a 
picture book that contained no text. Horizontal and vertical 
nystagmus was elicited with the use of an optokinetic strip. (2) 
Performance of arithmetic calculations was requested orally, with 
the use of the Wechsler Adult Intelligence Scale-Revised arith- 
metic subtest, serial 3s, and serial 7s. (3) The patient was requested 
to complete writing tasks consisting of spontaneous writing of a 
story to a visual stimulus," dictation to a paragraph read, and 
copying of paragraphs of matched length and difficulty.” (4) A 
series of motoric, visuoreceptive tests were administered. These 
included Trail Making A and B,” letter cancellation,” and letter 
cancellation of a known provocative text (New Testament). 

Reading activation tests involving material of varied complex- 
ity were administered. These included (1) a second-grade level 
reader (simple difficulty), (2) random passages from the New 
Testament (intermediate difficulty and known seizure activator), 
(3) a passage from a behavioral neurology text (advanced 
difficulty), (4) Latin poetry (nonsense task), and (5) single words 
of increasing difficulty.”*! 

All reading tests involved conditions of silent reading, reading 
aloud, and humming monotonously while reading. The 
intermediate-difficulty task (New Testament) also involved a pe- 
riod of reading while silently but purposely articulating. The or- 
der of reading tests administered was determined by random 
draw, and these were interspersed with nonreading tests in the 
protocol. The patient was asked to rest for several minutes after 
each seizure-provoking test session. 


RESULTS 
Neuroanatomic Study 
With the use of an MR image obtained 4 years after 
surgical excision of an arteriovenous malformation, le- 
sional mapping localized the patient’s encephalomalacia 
to the left dorsolateral frontal lobe (Fig 1, center and - 
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Table 2.—Results of Reading Activation Tests 


Reading 
Instructions 


Reading 


Silent 
Aloud 
Humming 


Silent 

Aloud 

Humming 

Silent articulation 


Silent 
Aloud 


Humming 


Silent 
Aloud 
Humming 


Simple (2nd-grade level reader) 


Intermediate (random passages from 
New Testament) 


Advanced (chapter from behavioral 
neurology text) 


Nonsense (Latin poetry) 


No. of 
Seizures 


Duration of 
Testing, min 


5 
3 min 46 s* 
5 


Discharge Rate, 
Seizures/min 


Oo ™N NR 
-+ 





OAU UAU AVU 
Owo ond AOT 





*Terminated prematurely secondary to patient discomfort/fear of convulsion. 
tNumerous electrographic seizures without clinical correlate (not included). 


right). The horizontal cuts demonstrating the area of 
damage were high and above the level of the lateral 
ventricles. Analysis showed the lesion to be primarily in 
Brodmann’s field 6 and anterior to field 4 (Fig 2). It was 
distinctly removed from and above Broca’s area (Brod- 
mann’s fields 44 and 45) and localized mainly to the 
superior aspect of the premotor region. 


Priming Tasks 


Latency to the first seizure for the priming sessions 
ranged between 80 and 133 seconds. The first and fourth 
priming sessions demonstrated latency to the first seizure 
of 80 seconds and 90 seconds, respectively. Therefore, there 
was little variability to indicate either fatiguing of the re- 
sponse or increased excitability due to prolonged stimula- 
tion in the protocol. 


Activation Tests 


Regular eye movements as if reading and both horizon- 
tal and vertical nystagmus induced by opticokinetic strip 
failed to produce seizures. Tests of mental arithmetic, all 
writing tasks, and nonverbal/visuoreceptive tasks also 
failed to produce habitual seizures. Regardless of lexical 
complexity, all reading tasks, including the nonsense task 
(Latin), provoked typical seizures (Table 2). Latency from 
stimulus onset to the first electrographic discharge with 
clinical correlate did not seem to vary among the provoc- 
ative texts. Silent reading of simple- and intermediate- 
difficulty texts did provoke habitual seizures, whereas the 
silent reading of the advanced-difficulty and nonsense 
(Latin) texts were not associated with seizure production. 
Reading aloud provoked typical seizures or increased sei- 
zure discharge rates within each reading trial. In the cases 
of simple and advanced texts, reading aloud was prema- 
turely terminated by the patient because of increased sei- 
zure frequency and a premonition of potential generaliza- 
tion. Reading of the intermediate-level task (New 
Testament) with deliberate but silent articulation was also 
associated with a relatively high seizure discharge rate. No 
epileptic discharges were provoked during monotonous, 
low-volume humming while reading (all levels of 
difficulty). 
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EEG Findings 


All seizures were consistently associated with a 0.2- to 
0.4-second ictal discharge in the left frontocentral region 
(Fig 3). The paroxysmal abnormality consisted of sharp or 
spike transients with associated slow waves. 

Thirty-four clinical seizures with characteristic EEG fea- 
tures were provoked during the testing time of 3 hours 41 
minutes. Two of the reading tasks were also associated 
with frequent typical focal paroxysmal discharges without 
clinical features. These electrographic events were not 
considered in the tabulation of seizures or seizure dis- 
charge rates. 


COMMENT 


Reading epilepsy has been described as both a primary 
(hereditary) syndrome with autosomal dominant inherit- 
ance?” and a fragment of other epilepsy syndromes (sec- 
ondary). Our case is typical in that reading activation tests 
reliably produced clinical seizures with electrographic 
correlates. The case is unique in the demonstration of an 
acquired or symptomatic reading epilepsy associated with 
a lesion in the left premotor cortex. The patient's left fron- 
tal arteriovenous malformation, subsequent hemorrhage, 
and/or its surgical extirpation were temporally and elec- 
trographically implicated in the development of this char- 
acteristic reflex epilepsy. Lee et al* described a case of 
reading epilepsy after left superficial temporal artery- 
middle cerebral artery bypass implicated ischemia or in- 
farction as a probable cause; however, computed tomo- 
graphic scanning did not demonstrate a lesion. 

The ictal discharge, as seen on standard EEG, could be 
consistent with an epileptogenic zone coexistent, but not 
necessarily coextensive, with the lesion responsible for ep- 
ileptogenesis.” Although scalp EEG may be insufficient to 
provide definite localization, there is clear correspondence 
between the physiologic and anatomic data. Early authors, 
including Bickford et al,’ Baxter and Bailey, Brooks and 
Jirauch,”° and Lemmi and Faris,‘ described generalized ic- 
tal EEG patterns associated with their patients’ habitual 
jaw jerks. This is contrary to reasonable expectation in that, 
as has been suggested in theories concerning thinking- 
induced epilepsy,” the specificity of the activating task 
would seem to imply that a specific neural substrate is re- 
sponsible. Generalized patterns may occur in the same way 
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that pattern-sensitive epilepsy triggers cortex focally (oc- 
cipital) and gives rise to diffuse activity. Furthermore, the 
concept of secondary bilateral synchrony and its role in 
epilepsy syndromes of the frontal lobe (and in particular 
frontoparasagittal convexity”) may be pertinent. Norbury 
and Loeffler,’ Stoupel,*° Ramani, and Lee et al” all 
described left frontal or left midcentral transients associ- 
ated with characteristic seizures. The EEG abnormalities in 
Forster's” series were decidedly lateralized to the dominant 
hemisphere, with an anterofrontotemporal predominance. 





Fig 2.—Cytoarchitectonic map demonstrating localization of the lesion 
predominantly in Brodmann’s area 6. Inset, Lesion mapping in a case of 
phonologic alexia? illustrating a clear overlap with the map from our 
patient (by permission of Oxford University Press). 


Our case of “symptomatic” reading epilepsy further em- 
phasizes the left anterior quadrant as the site of the seizure 
genesis. 

Vocalizations and subvocalizations exclusively during 
reading were operant in the provocation of our patient's 
habitual seizures. Increased seizure discharge rates while 
he was silently articulating appear to rule out the possibil- 
ity of auditory feedback as an additional mechanism. As in 
the case of Brooks and Jirauch,” humming while reading 
was associated with no seizure activity. Humming, in their 
case, actually suppressed seizure discharges. Blocking of 
subarticulations could be postulated as one possible mech- 
anism for this. Irritability of the reading task was indepen- 
dent of lexical complexity in our study. Furthermore, 
reading of Latin, the nonsense (or nonlexical) reading task, 
was equally provocative, indicating that decoding was not 
essential. This observation was initially made by Stevens”! 
when he reported a case of jaw jerks with electrographic 
correlate ina woman with the ability to pronounce, but not 
comprehend, Hebrew. Interestingly, Forster never ade- 
quately explained why nine of 11 patients in his series of 
language-induced epilepsies had seizures while reading 
languages unfamiliar to them. He hypothesized that these 
tasks were successful in producing seizures because pa- 
tients were making an effort to acquire knowledge or “try- 
ing to get something out of it.” We would alternatively 
postulate that in cases of nonlexical language tasks, as well 
as tasks of increasing or overwhelming lexical complexity, 
phonologic reading and subvocalizations act as seizure 
generators. 

Single-word reading was probably an ineffective stimu- 
lus because it simulated our patient’s own protective 
reading style, namely, reading single words or groups of | 
words with frequent interruptions. One subjective seizure . 
did occur during neuropsychological testing while the pa- 





Fig 3.—Two electrographic seizures during reading activation (arrows) demonstrate maximum negativity in the left frontocentral region. Both dis- 
charges were accompanied by brief jaw myoclonus. 


Arch Neurol—Vol 49, September 1992 


Reading Epilepsy—Ritaccio et al 937 


tient was reading single words from the Wide-Range 
Achievement Test-Revised manual. This method may 
serve to hold the stimulus at subthreshold levels. 

On the basis of anatomic and physiologic findings, it is 
reasonable to inquire whether this reading aberration could 
be due toa localized disturbance in dominant premotor cor- 
tex. It is pertinent to explore the putative role of this area 
in current reading theory. Most models of reading propose 
that the process may follow two paths, “direct” and “indi- 
rect.”*’ Direct or lexical reading involves recognition of a 
written word as it relates to amemory of that word ina vi- 
sual dictionary (orthographic lexicon). The indirect path re- 
lates more closely to speech. The written word is articulated 
and meaning derived as if comprehending speech (phono- 
logic lexicon). A prerequisite for the latter path is a “store 
of learned associations between a letter or combination of 
letters smaller than the whole word” (graphemes) and “the 
corresponding pronunciations” (phonemes).** In other 
words, the indirect or phonologic model assumes the ex- 
istence of grapheme-phoneme correspondence rules as a 
means for literally “sounding out” the meanings of words.™4 
Both processes coexist in most working models of reading 
and are thought to be partially nonoverlapping neural sys- 
tems. Current work in behavioral neurology and functional 
imaging has shed light on the importance of the left frontal 
cortex in reading. Anderson et al™ recently described a pa- 
tient with alexia after a well-circumscribed lesion in the left 
premotor cortex (Brodmann’s field 6). The patient was oth- 
erwise normal cognitively and had no aphasia or hemipare- 
sis. Relevantly, the patient suffered from a phonologic al- 
exia, ie, Short, highly words that were short and for which 
an image could be conjured (nouns) were more likely to be 
read, and there was a complete inability to read pseudo- 
words. Reading of numbers and nonverbal symbols was 
preserved. The patient was also agraphic, although number 
writing was preserved. The similarities in reading and writ- 
ing deficits, the relatively small size of the lesion involved, 
and the absence of any other detectable cognitive dysfunc- 
tion contribute to the authors’ conclusion that disruption of 
a “neural unit” participating in both reading and writing is 
involved. The authors hypothesized that this motor region 
plays a role in the activation of sequences of movements 
necessary to generate graphemes and phonemes. Coactiva- 
tion of sensory information in visual and auditory cortexes, 
it is theorized, would be the basis of semantic recognition. 
The region implicated has been referred to eponymically as 
Exner’s area, crediting the author” who first described (in 
1881) a pure agraphia in association with lesions of the su- 
perior aspect of the left premotor cortex. The degree of over- 
lap between the lesional maps of this case of phonologic al- 
exia and the case of reading epilepsy now under discussion 
is striking (Fig 2). 

Reflex epilepsies induced by other language functions, 
in particular graphogenic epilepsy, have been categorized 
as distinct and separate electroclinical syndromes. Ya- 
mamoto et al” recently reported three cases of myoclonic 
seizures induced by writing and using a Japanese abacus. 
All three patients had electrographic correlates to their 
seizures in the left frontocentral area. Other cases of gra- 
phogenic epilepsy”™ have demonstrated electrographic 
seizures in the frontocentral area of the dominant hemi- 
sphere. Despite the variability of critical stimuli in reading- 
and writing-induced seizures, neurophysiologic and neu- 
roanatomic data may imply a common neural substrate 
and support the concept of language conversion as postu- 
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lated in Anderson’s lesional analysis of Exner’s area. 

Dozens of case reports on epilepsy triggered by reading 
have highlighted dissimilarities. Similarities must equally 
be stressed. Cases of both hereditary and secondary read- 
ing epilepsy have been associated with ictal discharges lo- 
calized to the left frontocentral region and seizure precip- 
itation by vocalization/subvocalizations during reading. 
As discrete damage to left frontal cortex may impair both 
reading and writing, a unified theory relating to some 
language-related reflex epilepsies may be possible. For ex- 
ample, the anatomic extent of the patient’s epileptogenic 
zone in left premotor cortex may determine whether sei- 
zures will be sensitive to one or a combination of language 
modalities. 

In our case, vocalizations were epileptogenic only dur- 
ing reading tasks, ie, not while the patient was speaking 
spontaneously. Furthermore, typical seizures were pro- 
voked by a nonlexical stimulus (Latin). Consequently, we 
believe we have described an epilepsy provoked specifi- 
cally by grapheme-phoneme transformations and that 
Brodmann’s area 6 may be implicated as the anatomic 
substrate. Reading epilepsy, as exemplified in this discus- 
sion, is clarified to become another cortical reflex myoclo- 
nus, ie, the spectrum of myoclonic activity centered on 
sensory motor cortex.” Within this theoretical framework, 
three possibilities exist to explain sensitivity to the reading 
task in our case. First, abnormal sensory cortex may be 
driving motor cortex to produce characteristic jerks. The 
presence of a lesion in the premotor region as well as its 
EEG correlate would exclude this mechanism. Second, 
seizures may have their basis in an unstable motor 
response to an afferent volley, for example, spindle dis- 
charges from muscles of articulation during the reading 
process. This second mechanism is compatible with our 
findings as well as Bickford and colleagues’ original pos- 
tulate. This second possibility would also conform to sem- 
inal experimental work performed more than 60 years ago 
in which strychninization of sensory motor cortex pro- 
voked seizures in specific afferent systems when those 
systems were stimulated.**! Third, and alternatively, 
reading epilepsy may be viewed as a pure action myoclo- 
nus. Jaw jerks may be the product of spontaneous dis- 
charges from motor or premotor areas in the absence of a 
specific afferent arc, ie, due to the endogenous trigger of 
using those areas during the specific task of grapheme to 
phoneme transformation. 


We wish to thank Francis Forster, MD, and Stephen Anderson, PhD, 
for helpful comments and encouragement during the preparation for 
the manuscript. We further wish to thank Hannah Damasio, MD, and 
Stephen Anderson, PhD, for their advice and for performing confir- 
mational lesional mapping. 

An abstract form of this study was published in Epilepsy (1991;32 
[suppl 3]:96). 


References 


1. Bickford RG, Whelan JL, Klass DW, Corbin KB. Reading epilepsy: clin- 
ical and electroencephalographic studies of a new syndrome. Trans Am 
Neurol Assoc. 1956;81:100-102. 

2. Baxter DW, Bailey AA. Primary reading epilepsy. Neurology. 1961;11: 
445-449. 

3. Christie S, Guberman A, Tansley BW, Couture M. Primary reading ep- 
ilepsy: investigation of critical seizure-provoking stimuli. Epilepsia. 1988; 
29:288-293. 

4. Lemmi H, Faris AA. Reading epilepsy: case report and review of liter- 
ature. South Med J. 1970;63:1431-1435. 

5. Critchley M, Cobb W, Sears TA. On reading epilepsy. Epilepsia. 1960; 
1:403-417. 


Reading Epilepsy—Ritaccio et al 


Pi 


~y 


6. Geschwind N, Sherwin |. Language induced epilepsy. Arch Neurol. 
1967;16:25-31. 

7. Forster FM. Reflex Epilepsy, Behavioral Therapy and Conditional 
Reflexes. Springfield, Ill: Charles C Thomas Publisher; 1977. 

8. Ramani V. Primary reading epilepsy. Arch Neurol. 1983;40:39-41. 

9. Wechsler D. Wechsler Adult Intelligence Scale-Revised. New York, 
NY: Psychological Corp; 1981. 

10. Wechsler D. Wechsler Memory Scale—Revised. San Antonio, Tex: 
Psychological Corp; 1987. 

11. Lezak MD. Neuropsychological Assessment. New York, NY: Oxford 
University Press; 1983:321-325. 

12. Jastak SR, Wilkinson G. The Wide Range Achievement Test Revised 
Administration Manual. Wilmington, Del: Jastak Assoc Inc; 1984. 

13. Goodglass H, Kaplan E. The Assessment of Aphasia and Related Dis- 
orders. Philadelphia, Pa: Lea & Febiger; 1983. 

14. Benton AL, Hamsher K. Multilingual Aphasia Examination. lowa City, 
lowa: AJA Associates Inc; 1978. 

15. Heaton RK. Wisconsin Card Sorting Test Manual. Odessa, Fla: 
Psychological Assessment Resources; 1981. 

16. Damasio H, Damasio AR. Lesion Analysis in Neuropsychology. New 
York, NY: Oxford University Press; 1989. 

17. State Education Department, University of the State of New York. New 
York State preliminary competency test. In: Reading Form D, Manual for Ad- 
ministrators and Teachers. Albany, NY: State Education Department, Uni- 
versity of the State of New York; 1988:8. 

18. Reitan RM. Validity of the Trail Making Test as an indication of organic 
brain damage. Percept Mot Skills. 1958;8:271-276. 

19. Mesulam MM. Tests of Directed Attention and Memory. Philadelphia, 
Pa: FA Davis Co Publishers; 1985. 

20. Jastak JF, Bijou SW, Jastak SR. Wide Range Achievement Test. Wilm- 
ington, Del: Guidance Associates of Delaware; 1976. 

21. Woodcock RW. Woodcock Reading Mastery Tests. Circle Pines, 
Minn: American Guidance Service Inc; 1973. 

22. Daly RF, Forster FM. Inheritance of reading epilepsy. Neurology. 
1975;25:1051-1054. 

23. Rowan AJ, Heathfield WG, Scott DF. Is reading epilepsy inherited? J 
Neurol Neurosurg Psychiatry. 1970;33:476-478. 

24. Lee SI, Sutherling WW, Persing JA, Butler AB. Language induced sei- 
zures: a case of cortical origin. Arch Neurol. 1980;37:433-436. 

25. Gloor P. Commentary: approaches to localization of the epileptoge- 


Arch Neurol—Vol 49, September 1992 


nic lesion. In: Engel J, ed. Surgical Treatment of the Epilepsies. New York, NY: 
Raven Press; 1987:97-100. 

26. Brooks JE, Jirauch PM. Primary reading epilepsy: a misnomer. Arch 
Neurol. 1971;25:97-104. 

27. Wilkins AJ, Zifkin B, Andermann F, McGovern E. Seizures induced by 
thinking. Ann Neurol. 1982;11:608-61 2. 

28. Quesney LF, Constain M, Fish DR, Rasmussen T. Frontal lobe 
epilepsy—a field of recent emphasis. Am J EEG Technol. 1990;30:177- 
193. 

29. Norbury FB, Loeffler JD. Primary reading epilepsy. JAMA. 1963;184: 
661-662. 

30. Stoupel N. On the reflex epilepsies: epilepsy caused by reading. Elec- 
troencephalogr Clin Neurophysiol. 1968;25:416-417. 

31. Stevens H. Reading epilepsy. N Engl J Med. 1957;257:165-170. 

32. Friedman RB, Albert ML. Alexia. In: Heilman KM, Valenstein E, eds. 
Clinical Neuropsychology. 2nd ed. New York, NY: Oxford University Press; 
1985:49-73. 

33. Margolin DI. Cognitive neuropsychology: resolving enigmas about 
Wernicke’s aphasia and other higher cortical disorders. Arch Neurol. 1991; 
48:751-765. 

34. Anderson S, Damasio A, Damasio H. Troubled letters but not numbers: 
domain specific cognitive impairments following focal damage in frontal 
cortex. Brain. 1990;113:749-766. 

35. Exner S. Untersuchungen Uber die Localisation der Functionen in der 
Grosshirnrinde des Menschen. Vienna, Austria: W Braumuller; 1881. 

36. Yamamoto J, Egawa |, Yamamoto S, Shimizu A. Reflex epilepsy 
induced by calculation using a ‘soroban,’ a Japanese traditional calculator. 
Epilepsia. 1991;32:39-43. 

37. Hasegawa T, Matsuoka H, Takahashi T, Okuma T. Myoclonic seizures 
induced by writing, calculation with fingers and constructive acts: with spe- 
cial reference to ‘neuropsychological EEG activation.’ Psychiatr Neurol Jpn. 
1981;83:199-210. 

38. Takahashi T. A case of graphogenic epilepsy induced by writing as- 
sociated with psychic tension [in Japanese]. Brain Nerve. 1979;31:159-165. 

39. Obeso JA, Rothwell JC, Marsden CD. The spectrum of cortical myo- 
clonus. Brain. 1985;108:193-224, 

40. Amantea G. Rapporto traeccifamenti afferenti ed epilessia sperimen- 
tale. Boll Acad Med Roma. 1920;46:121-127. 


41. Clementi A. Stricnizzozione della stera corticale visiva ed epilessia — 


sperimentale da stimoli luminosi. Arch Fisiol. 1929;27:356-387. 


Reading Epilepsy—Ritaccio et al 939 





ee eZ L 


Original Contribution 


Absence of Lyme Borreliosis Among Patients With 
Presumed Bell’s Palsy 


Herman Kuiper, MD; Pieter P. Devriese, MD, PhD; Bartelt M. de Jongh, MD, PhD; Koen Vos, MD; Jacob Dankert, MD, PhD 


e Ina prospective study, 69 patients with a presumed idio- 
pathic (Bell’s) peripheral facial palsy were clinically and se- 
rologically evaluated for the presence of Lyme borreliosis. 
In addition, their clinical spectrum was compared with 
clinical manifestations collected retrospectively in nine pa- 
tients with symptomatic peripheral facial palsy due to Lyme 
borreliosis. The seroprevalence of Borrelia burgdorferi an- 
tibodies, determined by flagellum enzyme-linked immu- 
nosorbent assay, among 69 patients with idiopathic periph- 
eral facial palsy (6%) and 153 healthy controls (4.5%) was 
not significantly different (odds ratio, 1.28; 95% confidence 
interval, 0.27 to 5.25). None of the patients with idiopathic 
peripheral facial palsy had or experienced the development 
of Lyme borreliosis. All patients with Lyme peripheral facial 
palsy had additional manifestations not present in patients 
with idiopathic peripheral facial palsy. These findings show 
that patients with a Lyme peripheral facial palsy can be dif- 
ferentiated from patients with idiopathic peripheral facial 
palsy by clinical examination. Therefore, screening of anti- 
bodies to B burgdorferi among patients with idiopathic pe- 
ripheral facial palsy without additional manifestations is not 
recommended. 
(Arch Neurol. 1992;49:940-943) 


ge origin of a peripheral facial palsy (PFP) is unknown 
in approximately 50% of patients.'* This syndrome is 
called Bell’s palsy or idiopathic PFP, by definition a diag- 
nosis by exclusion. In contrast, PFP associated with other 
neurological symptoms, such as lymphocytic meningitis 
and radiculoneuropathy, is a frequently observed and 
characteristic neurological manifestation of Lyme 
borreliosis.*” However, the question arises whether in the 
spectrum of a PFP, a presumed idiopathic PFP is also as- 
sociated with Lyme borreliosis. Some studies have re- 
ported that a PFP may be the presenting” and even the 
only’* sign in patients with early disseminated Lyme bor- 
reliosis, mimicking Bell’s PFP. Thus, screening of antibod- 
ies to Borrelia burgdorferi has been recommended in patients 
with a PFP, including patients with presumed idiopathic 
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PFP, to exclude Lyme borreliosis.”'' Lyme borreliosis is 
endemic in the Netherlands,'*’* and PFP in patients with 
neuroborreliosis occurs frequently." 

The aim of this study was to delineate further the asso- 
ciation of Lyme borreliosis with presumed idiopathic PFP. 
We prospectively examined patients referred to us with a 
presumed idiopathic PFP for the presence of Lyme borre- 
liosis and compared the findings of these patients with 
those collected retrospectively from patients with Lyme 
PFP. 


PATIENTS AND METHODS 
Patients 


Idiopathic PFP was defined as an acute PFP occurring in 
patients without known infectious disease, sarcoidosis, malignant 
neoplasia, trauma, or autoimmune and metabolic disease, and 
with no other neurological manifestations than PFP. From Sep- 
tember 1986 through October 1987, 243 patients with PFP were 
referred to the Department of Facial Research, University of Am- 
sterdam (the Netherlands). In 120 of them, the underlying disease 
could be diagnosed (Table 1). An initial diagnosis of Lyme bor- 
reliosis was never made. A preliminary diagnosis of idiopathic 
PFP was made in 123 patients (51%). In total, 54 of them were 
excluded—45 before and nine after they had entered our study. 
Before entering the study, 12 foreigners and 13 patients residing 
far from Amsterdam were excluded because follow-up examina- 
tion was impossible in advance, and 15 patients who were 
referred for mimic or surgical therapy because of persistent def- 
icit long after idiopathic PFP were excluded since we did not ex- 
amine them in the acute phase of the disease. In addition, five 
children were excluded for ethical reasons since they could not 
give informed consent. After entering the study, four patients 
were excluded because insufficient data were available, two ap- 
peared to have diabetes mellitus, and in one patient each during 
follow-up examination human immunodeficiency virus (HIV) 
infection, adenocarcinoma of the parotid gland, and cerebello- 
pontine angle tumor was diagnosed. In the patient with HIV in- 
fection, meningeal signs and bilateral extensor plantar responses 
occurred 2 days after the first visit. Cerebrospinal fluid (CSF) ex- 
amination showed a pleocytosis, and serum anti—core HIV type 
1 test was positive. Adenocarcinoma of the parotid gland was di- 
agnosed by examination of a needle biopsy specimen obtained at 
presentation from a small retromandibular swelling that was 
known to the patient for many years. Cerebellopontine angle tu- 
mor was diagnosed because the patient became progressively ill. 
Three weeks after the first visit, in addition to a complete right- 
sided hearing loss, known for 30 years, and an incomplete right- 
sided PFP, a left-sided pyramidal syndrome was found, not 
present at the initial visit. 
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Table 1.—Initial Diagnosis in 243 Consecutive 
Patients With Peripheral Facial Palsy 


Initial Diagnosis No. of Patients 


Bell’s palsy 123 
Surgical trauma 39 
Head injury 9 
Zoster oticus 28 
Meningitis-otitis 8 
Malignant neoplasms 10 
Diabetes 

Congenital 


Miscellaneous 


The remaining 69 patients with presumed idiopathic palsy re- 
siding in the Amsterdam region were invited at their first visit to 
take part in the study; 33 were female and 36 male. Ages ranged 
from 16 to 75 years, with a median age of 38 years. After informed 
consent, a clinical history was obtained and complete physical, 
otolaryngological, and neurological examinations were per- 
formed (by H.K., P.D., and H.K., respectively). The severity of the 
palsy was classified according to the House system.'* Grade I 
represents normal function; grades II to V, mild, moderate, mod- 
erate severe, and severe dysfunction, respectively; and grade VI, 
total paralysis. To determine an underlying cause and to evalu- 
ate the outcome of the PFP, follow-up examination of patients was 
done by one of us (P.D.) at the Department of Facial Research af- 
ter 1, 3, 6, and 12 months. Furthermore, patients were informed 
about manifestations of Lyme borreliosis and they were asked to 
return if such manifestations occurred. At the first visit, a blood 
sample was collected for analysis of antibodies against B burgdor- 
feri, for VDRL, and to obtain laboratory determinations for 
Treponema pallidum hemagglutination assay, erythrocyte sedi- 
mentation rate, leukocyte count, and glucose concentration. 

Lumbar puncture was declined by 17 (50%) of 34 consecutive 
patients between September 1986 and March 1987. The CSF was 
examined for leukocyte count, protein concentration, and anti- 
bodies against B burgdorferi. 

Treatment with prednisone according to a fixed scheme was 
started if the patient had a total or subtotal PFP (House system 
grade V or VI) for less than a week, as long as no contraindica- 
tions for steroid therapy were present. Treatment consisted of 60 
mg of prednisone daily for 4 days; thereafter, the dose was 
tapered by 5 mg/d. 

An additional group of nine patients with symptomatic PFP, 
four women and five men, who met the criteria for Lyme borre- 
liosis (described in the next paragraph) were included in the study 
to compare their clinical presentation with that of patients with 
presumed idiopathic PFP. Diagnosis of Lyme borreliosis was 
made between 1987 and 1991. Ages ranged from 18 to 64 years, 
with a median age of 49 years. Three patients did not reside in the 
Amsterdam region. Five patients were examined by one of us 
(H.K.). Clinical data from the other patients were provided by 
their neurologists. 


Criteria for Lyme Borreliosis 


Criteria for a diagnosis of Lyme borreliosis included (1) a recent 
history of erythema migrans, defined as a centrifugal enlarging 
erythema with central clearing and at least 5 cm in diameter, or 
(2) lymphocytic meningitis or arthritis of unknown cause in com- 
bination with a positive antibody response against B burgdorferi. 


Determination of Antibodies to B burgdorferi 


Serum and CSF samples were stored at —20°C. Antibodies to 
B burgdorferi were sought by means of a flagellum enzyme-linked 
immunosorbent assay (ELISA) using B burgdorferi strain PKo, a 
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German skin isolate, for antigen preparation. The antigen prep- 
aration was that described by Hansen et al with some modifi- 
cations. Briefly, washed bacteria were lysed by 2% sarcosyl. Af- 
ter centrifugation, the pellet was resuspended in 10 mL of 
0.15 mol/L sodium chloride, sheared for 10 minutes in a blender 
with high-speed turning blades (Sorvall Omnimixer, DuPont, 
Newtown, Conn), and centrifuged for 10 minutes at 1000g to re- 
move whole bacteria. Subsequently, the supernatant was centri- 
fuged for 3 hours at 220000g. The resulting pellet was resus- 
pended in 1 mL of phosphate-buffered saline and was treated 
ultrasonically for 20 seconds and harvested. In contrast to Hansen 
et al, this preparation was used as antigen without further puri- 
fication. On sodium dodecyl sulfate-polyacrylamide gel electro- 
phoresis, this preparation consisted of over 90% of the 41-kd 
flagellin protein and the 23-kd protein C. 

The ELISA was that described by Hansen et al with some 
modifications. Serum and CSF samples were tested in duplicate 
at a 1/400 and 1/10 dilution, respectively, and 0.2% gelatin was 
added to all buffers to inhibit nonspecific binding. After incuba- 
tion with serum or CSF samples, plates were washed and incu- 
bated with either goat anti-human IgG or anti-human IgM, both 
coupled to horseradish peroxidase (Tago Inc, Burlingame, Calif). 
Positive and negative control serum samples were incubated on 
every plate. 

Blood samples from 153 controls (median age, 42 years; range, 
20 to 61 years) served to determine the specificity of ELISA in se- 
rum. The mean (SD) extinction from 152 of these serum samples 
was 0.26 (0.085) for IgG and 0.28 (0.12) for IgM. An extinction ex- 
ceeding the 98% cutoff level, 0.52 for IgG and 0.64 for IgM, was 
regarded as being positive. The remaining sample had an extinc- 
tion exceeding 2.0 and was excluded from calculations to provide 
the mean (SD) extinction of the control serum samples. The spec- 
ificity of the ELISA in serum was 95%, since seven (4.5%) of the 
153 serum samples of healthy controls were positive in ELISA— 
four for IgG and three for IgM. 

The sensitivity of the ELISA, examining IgG as well as IgM, 
varied from 57% in 46 patients with erythema migrans as the only 
symptom to 100% in 19 patients with acrodermatitis chronica 
atrophicans (data not given). In CSF samples of 15 patients with 
herniated disk syndrome, the mean (SD) extinction of the ELISA 
for IgG was 0.148 (0.022) and for IgM, 0.130 (0.010). An extinction 
of the ELISA in CSF exceeding the 98% cutoff level, 0.214 for IgG 
and 0.160 for IgM, was regarded as being positive. 


Statistical Analysis 
For dichotomous variables, two-by-two tables were con- 
structed and the 95% confidence intervals (CIs) to odds ratios 
(ORs) were calculated.’ When the upper and lower limits of the 
95% CI enclose 1, no statistically significant difference is present. 


RESULTS 
Patients With Presumed Idiopathic PFP 


Of the 69 patients with PFP, 32 presented with a right- 
sided PFP and 37 with a left-sided PFP. On physical and 
neurological examination, only signs compatible with id- 
iopathic PFP were found. Forty-three patients had severe 
dysfunction or total paralysis of the facial nerve (grade V 
and VI). Of them, 31 were treated with prednisone accord- 
ing to the scheme. In addition, three patients with grade III, 
three patients with grade IV, and one patient with grade 
VI PFP were treated by their referring general practitioner 
with prednisone, not according to the scheme. 

Serum samples of four patients (6%) had a positive an- 
tibody response to B burgdorferi: two in IgM, one in IgG, 
and one in IgM as well as in IgG. All serum samples had 
a negative Treponema pallidum hemagglutination assay and 
VDRL test. No significant difference was noted between 
the frequency of positive ELISA in serum samples of pa- 
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tients with presumed Bell’s PFP and normal controls 
(OR=1.28, 95% CI, 0.27 to 5.25). 

‘The median age of the four seropositive and 65 serone- 
gative patients was 41 years (range, 24 to 63 years) and 38 
years (range, 16 to 75 years), respectively, and the median 
duration of the PFP was 10 days (6 to 10 days) and 5 days 
(0 to 31 days), respectively. None of the patients had a his- 
tory of erythema migrans, arthritis, or fever. Few patients, 
seropositive as well as seronegative, had some of the many 
nonspecific features that may be associated with Lyme 
borreliosis (Table 2). However, statistically, a positive 
ELISA result was not associated with the occurrence of tick 
bites, arthralgia, headache, and recovery of PFP (Table 2). 

The 17 patients from whom CSF was obtained had a 
negative ELISA for antibodies to B burgdorferi in serum. 
None of them had signs or symptoms of meningitis. Four 
patients had a pleocytosis ranging from 5 to 6X10°/L 
(normal, <5X10°/L), and two additional patients had 
slightly elevated protein concentrations of 0.64 and 
0.63 g/L (normal, <0.5 g/L), respectively. The ELISA an- 
tibody response to B burgdorferi in CSF was negative in all. 

During follow-up examination of 61, 51, 50, and 49 pa- 
tients for 1, 3, 6, and 12 months, respectively, none showed 






Table 2.—Features of 69 Patients With Presumed 
Bell’s Palsy in Relation to Antibody Response Against 
Borrelia burgdorferi* 





No. of Patients 
See tse Ce 
Positive Negative 

ELISA ELISA 
(n=4) (n=65) Odds Ratio (95% Cl) 
















Tick bite 1 4.00 (0.06-60.42) 
Headache 0 27 0 (O-2.31) 
Arthralgia 1 2 10.50 (0.13-243.22) 










Favorable outcomet 3 50 0.90 (0.07-50.36) 


*ELISA indicates enzyme-linked immunosorbent assay; Cl, confi- 
dence interval. 
tFacial nerve function according to House'* system grades | and II. 





Table 3. 


1/M/52 2/F/44 3/M/49 
Tick bite 

Erythema migrans 

Bilateral PFP 

Radiculoneuropathy 

Headache 

Fever 

Arthritis 

Favorable outcomet 


ELISA serum 


4/F/54 





development of neurological symptoms compatible with 
Lyme borreliosis or arthritis. In conclusion, according to 
the forementioned criteria, none of the 69 patients with { 
presumed idiopathic PFP had or showed development of 

Lyme borreliosis. 


Patients With PFP due to Lyme Borreliosis 


In contrast to the patients with presumed idiopathic PFP, 
eight patients with Lyme PFP had additional clinical fea- 
tures (Table 3) at presentation and therefore did not meet 
the criteria for idiopathic PFP. In the remaining patient, 
bilateral PFP developed 9 days after presentation. The on- 
set of bilateral PFP prompted further examination, result- 
ing in the diagnosis of Lyme borreliosis in this patient. 

In eight patients, no persistent manifestations of Lyme 
borreliosis occurred in the interval between their first visit 
and treatment (median, 14 days; range, 1 to 169 days). In 
two of them, transitory PFP at the opposite side developed. 
In the remaining case, the diagnosis of Lyme borreliosis 
was made 10 years after the onset of symptoms. Radiculo- 
neuropathy and PFP, present at the initial visit in 1980, 
subsided completely without antimicrobial therapy, but 
recurrent attacks of arthritis and fatigue persisted. 


COMMENT 


In a cohort of 69 patients with presumed idiopathic PFP, 
the occurrence of Lyme borreliosis was not observed. 
Though during prednisone treatment other manifestations 
of Lyme borreliosis may have been masked, this was un- 
likely to occur after short-term steroid therapy had been 
stopped. At presentation and during follow-up examina- 
tion, none of the patients had additional clinical manifes- 
tations suggesting Lyme borreliosis, although our criteria 
would rather lead to overdiagnosis of Lyme borreliosis. 
Our case criteria differed from the Centers for Disease 
Control case definition for public health surveillance for 
Lyme borreliosis” because we used a history of erythema 
migrans and a history of one attack of arthritis as criteria. 

Furthermore, the finding that four patients had a posi- 
tive antibody response to B burgdorferi, to be expected us- 
ing a test with a specificity of 95%, is no proof for the pres- 


Patient No./Sex/Age, y 


5/F/27 6/F/32 7/M/64 8/M/54 9/M/18 


CSF cells, *10°/L 69 233 495 217 147 40 167 78 202 
CSF protein, g/L 1.16 1.64 1.50 1.78 1.30 


*PFP indicates peripheral facial palsy; ELISA, enzyme-linked immunosorbent assay; CSF, cerebrospinal fluid; plus sign, present; minus sign, ab- 
sent; double plus signs, favorable outcome for right- and left-sided PFP; plus or minus sign, favorable outcome for right-sided PFP and unfavorable “y 
outcome (House'* system > grade II) for left-sided PFP. ‘ 

tFacial nerve function according to House system grades | and II. 

#Serum sample obtained 10 years after PFP. 
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ence of Lyme borreliosis among these patients. Also, CSF 
examination in 17 of 34 consecutive patients did not pro- 
vide evidence for the presence of Lyme borreliosis. 

In contrast to the clinical findings in patients with pre- 
sumed Bell’s PFP, the clinical manifestations in nine 
patients with Lyme PFP suggested the presence of this 
disease in eight patients at presentation and in one patient 
within 9 days after presentation. Therefore, Lyme borreli- 
osis could have been suspected in all nine patients based 
only on clinical manifestations. A correlation between bi- 
lateral PFP and the presence of Lyme borreliosis was found 
in comparison with patients with idiopathic PFP (OR un- 
defined, 95% CI, 10.55 to approximately 10'*). 

Among patients with PFP, Lyme borreliosis was often 
diagnosed in three large Swedish studies."”'"" In agree- 
ment with our findings, most patients suspected of having 
Lyme borreliosis had additional symptoms not compatible 
with our definition of idiopathic PFP. Only a small num- 
ber of Borrelia-seropositive patients with a PFP but without 
additional symptoms was found. Most likely, these pa- 
tients represent the number of patients with a false- 
positive test despite the rather high specificity of the test 
used. In an additional Swedish study, Lyme borreliosis 
was also frequently found among patients with PFP.” 
However, no complete data were reported on additional 
signs. In addition, the specificity of the Borrelia serological 
finding was not defined. Therefore, the findings from this 
study could not be included in our analysis. 

Since the prevalence of Lyme borreliosis among patients 
with PFP without additional clinical manifestations is low, 
the number of patients with a false-positive test will be 
higher than the number of patients with a true-positive 
test. Thus, serological testing for antibodies against B 
burgdorferi is indicated in those patients with PFP who have 
a high probability of Lyme borreliosis, such as children," 
patients with bilateral facial palsy®"” (this study) or consti- 
tutional symptoms,” and patients with features suggestive 
of Lyme borreliosis, such as recent tick bite, erythema mi- 
grans, lymphadenosis cutis benigna, radiculoneuropathy, 
arthritis, and swelling and erythema of the face.” 

An unequivocal diagnosis of Lyme borreliosis by isola- 
tion of B burgdorferi from the affected organs is not possi- 
ble in most cases. Therefore, case definition criteria have to 
be used similar to those of the Centers for Disease 
Control,” which include clinical manifestations and labo- 
ratory confirmation of infection. Because no strict causal 
relation exists between a positive antibody response and 
the presence of Lyme borreliosis, additional laboratory 
features have to be sought to support the diagnosis of 
Lyme borreliosis. Cerebrospinal fluid examination affords 
important additional information since most of the Swed- 
ish and all of our patients with Lyme PFP had patholog- 
ical CSF findings, while in only approximately 10% of pa- 
tients with presumed idiopathic PFP are such CSF findings 
present.”"!8212 However, in patients with Lyme PFP, 
the presence of pathological CSF findings is not 
obligatory.” 

The clinical picture of patients with Lyme PFP differed 
from that of patients with idiopathic PFP without addi- 
tional symptoms. Therefore, we do not recommend rou- 
tine examination of antibodies to B burgdorferi in patients 
with idiopathic PFP without additional manifestations. 
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Clinical follow-up examination of patients presenting with 
idiopathic PFP will reveal the diagnosis of Lyme borreli- 
osis. In addition, follow-up examination of patients with 
presumed idiopathic PFP is relevant to diagnose other 
causes of PFP. Among our 123 patients with a preliminary 
diagnosis of Bell’s palsy, three patients with either HIV in- 
fection, parotid gland carcinoma, and cerebellopontine 
angle tumor causing PFP were found. 


The B burgdorferi strain PKo was provided by courtesy of V. Preac- 
Mursic, Max von Pettenkofer-Institut, Munich, Germany. 

We thank Jeroen C. Gauw, MD, Ernst N. H. Jansen, MD, Adriaan 
R. Kühler, MD, Henk W. Mauser, MD, PhD, Hans J. Vroom, MD, and 
Henk J. D. de Zwart, MD, neurologists, for referring patients with 
Lyme borreliosis and providing their data; Frank G. C. Heilmann, 
MD, medical microbiologist, for providing some of the serum samples 
from patients with Lyme borreliosis; and Alye P. van Dam, MD, PhD, 
immunologist, Department of Medical Microbiology, Academic Med- 
ical Center, University of Amsterdam, for his work concerning the 
development and performance of the ELISA. 
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presents 


NEURO-ONCOLOGY V 
Recent Advances in Diagnosis and Treatment 
October 15 - 17, 1992 


Rockefeller Research Laboratory Auditorium 
430 East 67th Street 


Program Highlights Poster Presentations 


e New developments in cancer biology, Registration Fee: 
diagnosis and therapy relevant to $300 Prior to October 1, 1992 
neuro-oncology $350 as of October 1, 1992 


e Diagnosis and management of primary $200 trainees & nurses 
CNS tumors CME Credit 


e Non-metastatic complications of cancer 
e Diagnosis and treatment of cancer pain 


Call for Papers Deadline: July 15, 1992 


For registration and abstract submission forms 
Call: (212) 639-7456 
Fax: (212) 717-3081 





Tegretol® carbamazepine USP 


6 years have not been established. 


ADVERSE REACTIONS 

if adverse reactions are of such severity that the drug must be 
discontinued, the physician must be aware that abrupt discontinua- 
tion of any anticonvulsant drug in a responsive epileptic patient 
may lead to seizures or even status epilepticus with its life- 
threatening hazards. 

The most severe adverse reactions have been observed in the 
hemopoietic system (see boxed WARNING), the skin and the car- 
diovascular system. 

The most frequently observed adverse reactions, particularly 
during the initial phases of therapy, are dizziness, drowsiness, un- 
steadiness, nausea, and vomiting. To minimize the possibility of 
such reactions, therapy should be initiated at the low dosage 
recommended. 

The following additional adverse reactions have been reported: 
Hemopoietic System: Aplastic anemia, agranulocytosis, pan- 
cytopenia, bone marrow depression, thrombocytopenia, leuko- 
penia, leukocytosis, eosinophilia, acute intermittent porphyria. 
Skin: Pruritic and erythematous rashes, urticaria, toxic epidermal 
necrolysis (Lyell’s syndrome) (see WARNINGS), Stevens-Johnson 
syndrome (see WARNINGS), photosensitivity reactions, alterations 
in skin pigmentation, exfoliative dermatitis, erythema multiforme 
and nodosum, purpura, aggravation of disseminated lupus 
erythematosus, alopecia, and diaphoresis. In certain cases, dis- 
continuation of therapy may be necessary. Isolated cases of hirsu- 
tism have been reported, but a causal relationship is not clear. 
Cardiovascular System: Congestive heart failure, edema, aggrava- 
tion of hypertension, hypotension, syncope and collapse, aggrava- 
tion of coronary artery disease, arrhythmias and AV block, primary 
thrombophlebitis, recurrence of thrombophlebitis, and adenopathy 
orlymphadenopathy. 

Some of these cardiovascular complications have resulted in 
fatalities. Myocardial infarction has been associated with other 
tricyclic compounds. 

Liver: Abnormalities in liver function tests, cholestatic and hepato- 
cellular jaundice, hepatitis. 

Respiratory System: Pulmonary hypersensitivity characterized by 
fever, dyspnea, pneumonitis or pneumonia. 

Genitourinary System: Urinary frequency, acute urinary retention, 
oliguria with elevated blood pressure, azotemia, renal failure, and 
impotence. Albuminuria, glycosuria, elevated BUN and micro- 
scopic deposits in the urine have also been reported. 

Testicular atrophy occurred in rats receiving Tegretol orally from 

4 to 52 weeks at dosage levels of 50 to 400 mg/kg/day. Additionally, 
rats receiving Tegretol in the diet for two years at dosage levels of 
25, 75, and 250 mg/kg/day had a dose-related incidence of testicu- 
lar atrophy and aspermatogenesis. In dogs, it produced a brownish 
discoloration, presumably a metabolite, in the urinary bladder at 
dosage levels of 50 mg/kg and higher. Relevance of these findings 
to humans is unknown. 
Nervous System: Dizziness, drowsiness, disturbances of coor- 
dination, confusion, headache, fatigue, blurred vision, visual hallu- 
cinations, transient diplopia, oculomotor disturbances, 
nystagmus, speech disturbances, abnormal involuntary move- 
ments, peripheral neuritis and paresthesias, depression with agita- 
tion, talkativeness, tinnitus, and hyperacusis. 

There have been reports of associated paralysis and other symp- 
toms of cerebral arterial insufficiency, but the exact relationship of 
these reactions to the drug has not been established. 

Digestive System: Nausea, vomiting, gastric distress and abdomi- 
nal pain, diarrhea, constipation, anorexia, and dryness of the 
mouth and pharynx, including glossitis and stomatitis. 

Eyes: Scattered, punctate, cortical lens opacities, as well as con- 
junctivitis have been reported. Although a direct causal relationship 
has not been established, many phenothiazines and related drugs 
have been shown to cause eye changes. 

Musculoskeletal System: Aching joints and muscles, and leg 
cramps. 

Metabolism: Fever and chills. Inappropriate antidiuretic hormone 
(ADH) secretion syndrome has been reported. Cases of frank water 
intoxication, with decreased serum sodium (hyponatremia) and 
confusion, have been reported in association with Tegretol use (see 
PRECAUTIONS, Laboratory Tests). 

Other: isolated cases of a lupus erythematosus-like syndrome have 
been reported. There have been occasional reports of elevated lev- 
els of cholesterol, HDL cholesterol and triglycerides in patients 
taking anticonvulsants. 

A case of aseptic meningitis, accompanied by myoclonus and 
peripheral eosinophilia, has been reported in a patient taking car- 
bamazepine in combination with other medications. The patient was 
successfully dechallenged, and the meningitis reappeared upon re- 


Indication 


Epilepsy 

6-12 years of age 100 mg b.i.d. 
(200 mg/day) (200 mg/day) 
1 teaspoon q.i.d. 


(400 mg/day) 


Over 12 years of age 200 mg b.i.d. 


(400 mg/day) 


Trigeminal Neuralgia 


100 mg b.i.d. on 
the first day 
(200 mg/day) 


(200 mg/day) 
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Tabet O susoni 


1/2 teaspoon q.i.d. 


1/2 teaspoon q.i.d. 


challenge with carbamazepine. 

DRUG ABUSE AND DEPENDENCE 

No evidence of abuse potential has been associated with Tegretol, 
nor is there evidence of psychological or physical dependence in 
humans. 

OVERDOSAGE 

Acute Toxicity l 
Lowest known lethal dose: adults, >60 g (39-year-old man). High- 
est known doses survived: adults, 30 g (31-year-old woman); chil- 
dren, 10 g (6-year-old boy); small children, 5g (3-year-old girl). 

Oral LD in animals (mg/kg): mice, 1100-3750; rats, 
3850-4025; rabbits, 1500-2680; guinea pigs, 920. 

Signs and Symptoms 

The first signs and symptoms appear after 1-3 hours. Neuromuscu- 
lar disturbances are the most prominent. Cardiovascular disorders 
are generally milder, and severe cardiac complications occur only 
when very high doses (>60 g) have been ingested. 

Respiration: \rregular breathing, respiratory depression. 
Cardiovascular System: Tachycardia, hypotension or hyperten- 
sion, shock, conduction disorders. 

Nervous System and Muscles: Impairment of consciousness rang- 
ing in severity to deep coma. Convulsions, especially in small chil- 
dren. Motor restlessness, muscular twitching, tremor, athetoid 
movements, opisthotonos, ataxia, drowsiness, dizziness, my- 
driasis, nystagmus, adiadochokinesia, ballism, psychomotor 
disturbances, dysmetria. Initial hyperreflexia, followed by 
hyporeflexia. 

Gastrointestinal Tract: Nausea, vomiting. 

Kidneys and Bladder: Anuria or oliguria, urinary retention. 
Laboratory Findings: \solated instances of overdosage have in- 
cluded leukocytosis, reduced leukocyte count, glycosuria and 
acetonuria. EEG may show dysrhythmias. 

Combined Poisoning: When alcohol, tricyclic antidepressants, bar- 
biturates or hydantoins are taken at the same time, the signs and 
symptoms of acute poisoning with Tegretol may be aggravated or 
modified. 

Treatment 

The prognosis in cases of severe poisoning is critically dependent 
upon prompt elimination of the drug, which may be achieved by 
inducing vomiting, irrigating the stomach, and by taking appropri- 
ate steps to diminish absorption. If these measures cannot be im- 
plemented without risk on the spot, the patient should be 
transferred at once to a hospital, while ensuring that vital functions 
are safeguarded. There is no specific antidote. 

Elimination of the Drug: Induction of vomiting. 

Gastric lavage. Even when more than 4 hours have elapsed fol- 
lowing ingestion of the drug, the stomach should be repeatedly 
irrigated, especially if the patient has also consumed alcohol. 
Measures to Reduce Absorption: Activated charcoal, laxatives. 
Measures to Accelerate Elimination: Forced diuresis. 

Dialysis is indicated only in severe poisoning associated with 
renal failure. Replacement transfusion is indicated in severe poison- 
ing in small children. 

Respiratory Depression: Keep the airways free; resort, if neces- 
sary, to endotracheal intubation, artificial respiration, and adminis- 
tration of oxygen. 

Hypotension, Shock: Keep the patient's legs raised and administer 
a plasma expander. If blood pressure fails to rise despite measures 
taken to increase plasma volume, use of vasoactive substances 
should be considered. 

Convulsions: Diazepam or barbiturates. 

Warning: Diazepam or barbiturates may aggravate respiratory de- 
pression (especially in children), hypotension, and coma. However, 
barbiturates should not be used if drugs that inhibit monoamine 
oxidase have also been taken by the patient either in overdosage or 
in recent therapy (within one week). 

Surveillance: Respiration, cardiac function (ECG monitoring), 
blood pressure, body temperature, pupillary reflexes, and kidney 
and bladder function should be monitored for several days. 
Treatment of Blood Count Abnormalities: \f evidence of significant 
bone marrow depression develops, the following recommendations 
are suggested: (1) stop the drug, (2) perform daily CBC, platelet 
and reticulocyte counts, (3) do a bone marrow aspiration and trep- 
hine biopsy immediately and repeat with sufficient frequency to 
monitor recovery. 

Special periodic studies might be helpful as follows: (1) white 
cell and platelet antibodies, (2) 59Fe—ferrokinetic studies, (3) pe- 
ripheral blood cell typing, (4) cytogenetic studies on marrow and 
peripheral blood, (5) bone marrow culture studies for colony- 
forming units, (6) hemoglobin electrophoresis for A, and F hemo- 
globin, and (7) serum folic acid and By, levels. 

A fully developed aplastic anemia will require appropriate, inten- 
sive monitoring and therapy, for which specialized consultation 
should be sought. 


Dosage Information: Tablets and Suspension 


Add up to 100 mg per day at weekly 
intervals, t.i.d. orq.i.d. 


Add up to 200 mg per day at weekly 
intervals, t.i.d. or q.i.d. 


Add up to 200 mg per day in increments 


of 100 mg every 12 hours q.i.d. 





Subsequent Dose 
Tablet a 


Add up to 1 teaspoon (100 mg) per day 
at weekly intervals, t.i.d. orq.i.d. 


Add up to 2 teaspoons (200 mg) per day 
at weekly intervals, t.i.d. orq.i.d. 


Add up to 2 teaspoons (200 mg) per day 


DOSAGE AND ADMINISTRATION (see table below) 

Monitoring of blood levels has increased the efficacy and safety of 
anticonvulsants (see PRECAUTIONS, Laboratory Tests). Dosage 
should be adjusted to the needs of the individual patient. A low 
initial daily dosage with a gradual increase is advised. As soon as 
adequate control is achieved, the dosage may be reduced very grad- 
ually to the minimum effective level. Medication should be taken 
with meals. 

Since a given dose of Tegretol suspension will produce higher 
peak levels than the same dose given as the tablet, it is recom- 
mended to start with low doses (children 6-12 years: 1/2 teaspoon 
q.i.d.) and to increase slowly to avoid unwanted side effects. 

Conversion of patients from oral Tegretol tablets to Tegretol sus- 
pension: Patients should be converted by administering the same 
number of mg per day in smaller, more frequent doses (i.e., b.i.d. 
tablets to t.i.d. suspension). 

Epilepsy (see INDICATIONS AND USAGE) 

Adults and children over 12 years of age—Initial: Either 200 
mg b.i.d. for tablets or 1 teaspoon q.i.d. for suspension (400 mg 
per day). Increase at weekly intervals by adding up to 200 mg per 
day using a t.i.d. or q.i.d. regimen until the optimal response is 
obtained. Dosage generally should not exceed 1000 mg daily in 
children 12 to 15 years of age, and 1200 mg daily in patients above 
15 years of age. Doses up to 1600 mg daily have been used in adults 
in rare instances. Maintenance: Adjust dosage to the minimum 
effective level, usually 800-1200 mg daily. 

Children 6-12 years of age—Initial: Either 100 mg b.i.d. for 
tablets or 1/2 teaspoon q.i.d. for suspension (200 mg per day). 
Increase at weekly intervals by adding up to 100 mg per day using a 
t.i.d. or q.i.d. regimen until the optimal response is obtained. 
Dosage generally should not exceed 1000 mg daily. Maintenance: 
Adjust dosage to the minimum effective level, usually 400-800 mg 
daily. 

Combination Therapy: Tegretol may be used alone or with other 
anticonvulsants. When added to existing anticonvulsant therapy, 
the drug should be added gradually while the other anticonvulsants 
are maintained or gradually decreased, except phenytoin, which 
may have to be increased (see PRECAUTIONS, Drug Interactions 
and Pregnancy Category C). 

Trigeminal Neuralgia (see INDICATIONS AND USAGE) 

Initial: On the first day, either 100 mg b.i.d. for tablets or 1/2 
teaspoon q.i.d. for suspension for a total daily dose of 200 mg 

This daily dose may be increased by up to 200 mg a day using 
increments of 100 mg every 12 hours for tablets or 50 mg (1/2 
teaspoon) q.i.d. for suspension, only as needed to achieve freedom 
from pain. Do not exceed 1200 mg/daily. Maintenance: Control of 
pain can be maintained in most patients with 400 mg to 800 mg 
daily. However, some patients may be maintained on as little as 200 
mg daily, while others may require as much as 1200 mg daily. At 
least once every 3 months throughout the treatment period, at- 
tempts should be made to reduce the dose to the minimum effective 
level or even to discontinue the drug. 

HOW SUPPLIED 


Chewable Tablets 100 mg—round, red-speckled, pink, single- 
scored (imprinted Tegretol on one side and 52 twice on the scored 


side) 
a ee rene ree erie. NDC 58887-052-30 
Unit Dose (blister pack) 

Box of 100 

FORCED hn saad a NDC 58887-052-32 


Tablets 200 mg—capsule-shaped, pink, single-scored (imprinted 
Tegretol on one side and 27 twice on the partially scored side) 


OTAN A (E Re See ee NDC 58887-027-30 

OO Us Se A OE are oe NDC 58887-027-40 
Unit Dose (blister pack) 

Box of 100 

EETA E C SoS hey 5 aca a VEP ARARE NDC 58887-027-32 
Samples, when available, are identified by the word SAMPLE ap- 
pearing on each tablet. 


Protect from moisture. Dispense in tight container (USP). 
Suspension 100 mg/5 mi (teaspoon)—yellow-orange, Citrus- 
vanilla flavored 

E A a ae E NDC 58887-019-76 
Shake well-before using. i 
Do not store above 86°F. 
Dispense in tight, light-resistant container (USP). 


Printed in U.S.A. 


BASEL Pharmaceuticals 
Division of 

CIBA-GEIGY Corporation 
Summit, New Jersey 07901 


BASEL 
Pharmaceuticals 


Maximum Dose 
Tablet or Suspension 


1000 mg/24 hours 


1000 mg/24 hours: 12-15 years 
1200 mg/24 hours: over 15 years 
1600 mg/24 hours: adults, in rare instances 


1200 mg/24 hours 
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Original Contribution 


Evidence for Early Vulnerability of the Medial 
and Inferior Aspects of the Temporal Lobe in an 
82-Year-Old Patient With Preclinical Signs of Dementia 


Regional and Laminar Distribution of Neurofibrillary Tangles and Senile Plaques 


Patrick R. Hof, MD; Linda M. Bierer, MD; Daniel P. Perl, MD; André Delacourte, PhD; 
Luc Buée, MSc; Constantin Bouras, MD; John H. Morrison, PhD 


e Detailed neuropathologic studies of neurofibrillary tangle 
and senile plaque distribution have shown that key elements 
of certain neocortical and hippocampal circuits are either 
compromised or lost in Alzheimer’s disease. It has been 
suggested that a global corticocortical disconnection un- 
derlies dementia and leads to the dramatic disruption of in- 
tegrated functions exhibited by patients with Alzheimer’s 
disease. To investigate the distribution of lesions associated 
with the earliest indications of incipient dementia, we per- 
formed a quantitative neuropathologic evaluation of a non- 
demented 82-year-old patient demonstrating globally intact 
intellectual function but initial signs of impairment of spe- 
cific cognitive functions before death. We observed densi- 
ties of senile plaques comparable to those found in Alz- 
heimer’s disease throughout the cerebral cortex, whereas 
extensive neurofibrillary tangle formation was restricted to 
selective areas of the temporal lobe. The results of this sys- 
tematic quantitative and comparative analysis of medial and 
inferior temporal lobe structures suggest a functional rela- 
tionship between the degree of cognitive decline evidenced 
in the earliest stages of Alzheimer’s disease and the ana- 
tomic progression of Alzheimer’s disease-related patho- 
logic changes along specific elements of the cortical cir- 
cuitry. 
(Arch Neurol. 1992;49:946-953) 


N eurofibrillary tangles (NFTs), senile plaques (SPs), and 
neuron loss are three pathologic hallmarks of Alzhe- 
imer’s disease (AD). Together, the distribution and density 
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of these lesions have been correlated with the degree of 
impairment in AD. Tomlinson et al! have documented a 
significant correlation between the mean SP frequency 
from 12 areas of the cerebral cortex and dementia severity 
assessed within 6 weeks of death using the Blessed 
Dementia Scale. No determination was made of the rela- 
tionship between cortical NFT formation and dementia 
severity in their series. In a more recent examination of the 
relative associations of SPs and NFTs with dementia 
severity in AD, Wilcock and Esiri, using a four-point glo- 
bal rating of dementia, demonstrated a substantially 
greater correlation of cortical NFT than SP formation, par- 
ticularly in the temporal neocortex and parahippocampal 
gyrus. Moreover, the cortical distribution of NFTs and SPs 
suggests that SP formation may involve the terminal 
arborization of NFT-bearing neurons.*” Also, the laminar 
and regional localization patterns of NFTs and SPs within 
the cerebral cortex indicate that the selective degeneration 
of long corticocortical*” and hippocampal! projection 
systems is likely to occur, leading to a global cortical iso- 
lation syndrome that results in the disintegration of intel- 
lectual functions observed in patients with AD.*7*"1! 
Herein, we report a quantitative neuropathologic anal- 
ysis of the brain of a nondemented elderly patient pre- 
senting with globally intact intellectual functions but evi- 
dence of the recent decline in specific cognitive tasks 
typical of the presenting symptoms of AD associated with 
high lesion densities in restricted areas of the medial and 
inferior aspects of the temporal lobe. We propose that the 
inferior temporal cortex may represent a key transitional 
area in that the severity of its involvement in AD could be 
directly related to the early development of dementia. 


REPORT OF A CASE 


The patient was an 82-year-old woman who died at the Mount 
Sinai Medical Center, New York, NY, of complications of pulmo- 
nary tuberculosis. Raised in New York City, she was a college 
graduate who worked most of her adult life as a high school sci- 
ence teacher. She was married to a physician in private practice 
and raised two children, who subsequently also became physi- 
cians. Much of the history provided below was obtained from her 
son, a psychiatrist in academic medicine, who, in the later years 
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Table 1 .—Comparison of Lesion Counts in Study Patient and Cases of Alzheimer’s Disease (AD)* 





NFT Counts SP Counts 
5 |} es Ae 8 or eee eee, Butts ate “Fae Ce 
Study Patient EC Study Patient EC AD 
CA1-3 13.6+1.6 8.0+1.7 [0-22] 80.0+15.6 [25-115] 13.0+2.0 [7-17] 
Entorhinal cortex 
Layer Il 70.0+8.1 13.6+1.7 [5-18] 88.8+6.1 [78-101] 
Layer Ill 20.6+3.2 6.1+1.4 [0-15] 40.4+5.0 [31-50] 4.12.1 None 10.0+2.5 [7-12] 
Layer IV 38.5+4.9 7.3+1.0 [1-14] 62.7+9.5 [36-80] 
Layers V-VI 635227 2.2+0.6 [0-5] 32.0+3.5 [25-39] 0.9+0.4 None 7.9+0.7 [6-10] 
Inferior temporal 
cortex 
Layers II-III 9.9+3.6 5.5+1.6 [0-20] 65.7+7.5 [46-78] 9.3+1.9 Rare 15.4+2.0 [9-25] 
Layers V-VI 15.9+2.5 3.1+0.9 [0-8] 85.4+8.9 [70-108] TOLO Rare 9.0+2.8 [4-13] 
Superior frontal cortex 
Layers II-III None None 35.5+5.8 [7-66] 12.3+3.0 Rare 15.0+3.2 [7-25] 
Layers V-VI None None 45.9+7.6 [12-78] 4.6+1.0 Rare 8.1+2.2 [3-12] 


*Counts represent mean+SEM from eight to 10 1-mm cortical traverses. Results from the eight AD and 10 elderly control (EC) cases were pooled. 
In the entorhinal aspect of the cortex, senile plaque (SP) counts were calculated in layers II to Ill and IV to VI, respectively. Layers where only a few 
SP were observed on a section (one to 10 SPs per section) are indicated as rare. The range of lesion counts in the AD and EC cases is indicated in 
brackets. Note the large difference in neurofibrillary tangle (NFT) counts between the study patient and the AD cases, except in layer Il of the en- 
torhinal cortex, as well as the low counts in the inferior temporal cortex and the lack of NFTs in the superior frontal cortex of the study patient. Neo- 
cortical NP counts in the study patient fall within the range of values observed in the corresponding areas in the AD cases. Also, NFT counts in the 
study patient are higher than in EC cases, in particular in the entorhinal cortex. In both the study patient and EC cases, the prefrontal cortex was de- 
void of NFTs. Materials were stained with thioflavine S. For further details see text and Table 2. 


of his mother’s life, was in contact with her almost daily. 
Approximately 17 years before the patient’s death, her hus- 
band developed progressive idiopathic Parkinson’s disease. 
His day-to-day care fell largely to the patient, who meticu- 
lously attended to his medical, social, and physical needs until 
his death after a 15-year course. Following her husband's 
death, the patient continued to live completely independently 
and maintained her many social contacts without apparent 
difficulty. 

Her son first noted a subtle sign of cognitive dysfunction when, 
3 months before the patient’s death, she failed to file an estimated 
income tax payment. On further investigation, the son discovered 
that 1 month before the due date of the missed tax payment, she 
had stopped balancing her checkbook. He indicated that until that 
time she had been meticulous in meeting her financial obligations 
and had the lifelong habit of paying every bill on the day it was 
received. In addition, during her entire adult life, she had assid- 
uously maintained the financial records for the family, and the 
failure to maintain a checkbook balance was, according to her son, 
completely “out of character.” Two months before her death, the 
patient began a complex series of physician visits and hospital- 
ization due to mild dyspnea and a cough accompanied by diffuse 
densities on her chest roentgenogram. This density was initially 
considered to be neoplastic but was proved at autopsy to repre- 
sent reactivation of an old tuberculous lesion. During this period, 
she occasionally became confused about the timing of certain 
physician appointments, although, considering their number, this 
was not regarded as inappropriate. During this period, she occa- 
sionally lost track of personal items, such as jewelry. Up until the 
week of her death, the patient maintained active social contacts 
with friends and family, none of whom commented to her son of 
a noticeable behavioral change. Her son had been concerned 
about a noticeable decline in her ability to maintain her financial 
records and reported that he had intended to investigate whether 
this was indicative of a broader range of cognitive difficulties. 
However, with her rapidly failing health and otherwise apparent 
ability to function independently, this was not pursued further. 
Careful review of her medical records did not reveal an indica- 
tion of cognitive dysfunction. Detailed questioning of her attend- 
ing physician, who had known the patient for many years, indi- 
cated that he considered her to be a highly intelligent, articulate 
person who was, from his perspective, without any recognizable 
sign of cognitive impairment. 
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MATERIALS AND METHODS 


The brain of the 82-year-old patient was obtained at autopsy (12 
hours post mortem) and was compared with eight brains from 
patients with clinically documented and neuropathologically 
confirmed senile dementia of the Alzheimer’s type (AD) (aged 
82.0+6.2 years and obtained 15.2+5.2 hours post mortem) and 
with 10 brains from elderly control (EC) patients with no evidence 
of neurologic or psychiatric disorders (mean+SD, aged 82.5+5.6 
years obtained 11.6+5.4 hours post mortem). All the brains were 
fixed in a 10% formaldehyde solution. The clinical data on the 82- 
year-old study patient were obtained from her medical records 
and from the Division of Neuropathology, Mount Sinai Hospital. 
The brains from patients with AD were obtained from the brain 
collection of the Department of Psychiatry, University of Geneva 
(Switzerland) School of Medicine. In these cases, AD was further 
confirmed by the presence of numerous NFTs and SPs in the hip- 
pocampal formation and neocortex. In all cases, lesion counts met 
the requirements for a neuropathologic diagnosis of AD.'° A 
quantitative analysis of specimens from the same AD cases has 
been included in previous studies.”'? All the AD cases used for 
comparison with the study patient had clinical histories of 
dementia longer than 5 years. The EC cases were obtained from 
the Geriatric Hospital of the University of Geneva. Careful review 
of their medical records revealed no clinical evidence of cognitive 
impairment or dementia. All EC patients had achieved a level of 
education comparable to that of the study patient and had been 
admitted to the Geriatric Hospital with severe terminal illness. 

Samples were collected from a large number of brain regions 
of the study patient (Tables 1 and 2). For comparison, blocks from 
the superior frontal and inferior temporal cortex and from the 
hippocampal formation were available from the eight AD and 10 
EC cases. All brain samples were handled similarly: tissues were 
washed in graded sucrose solutions (12%, 16%, and 18%) in cold 
phosphate-buffered saline (PBS), frozen, and cut at 40 um on a 
cryostat. Additional samples were also taken from the same re- 
gions, embedded in paraffin, and cut at 12 ym for routine patho- 
logic examination. Tissues were stained with cresyl violet, 
hematoxylin-eosin, Bielchowsky, modified Globus,” Gallyas,'* 
Campbell-Switzer-Martin,” and argentic stains and thioflavine S. 
For quantitative analysis, a modified thioflavine S protocol was 
applied that allows for an optimal definition of the lesions by re- 
moving background staining.®™ Briefly, 40-j.m-thick sections 
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Table 2.—Neurofibrillary Tangle (NFT) and Senile 
Plaque (SP) Counts in Study Patient* 


NFT Counts SP Counts 


Subiculum 44.6+4.3 5.8+0.9 


Periamygdaloid cortex 
Layers II-III 
Layers IV-VI 


Perirhinal cortex 
Layers II-III 
Layers V-VI 


Midtemporal cortex 
Layers II-III None 
Layers V-VI Rare 


8.6+2.5 
6.11.2 


11.32420 
8.6+1.4 


93.42 10.7 
100.7+17.4 


6.91.5 
4.0+1.0 


Ths TTS 
4.6+0.9 


Planum temporale 
Layers II-III 
Layers V-VI 


Posterior parietal cortex 
Layers II-lll 
Layers V-VI 


Primary visual cortex 
Layers Il-IVC 
Layers V-VI 


Secondary visual cortex 
Layers II-III 
Layers V-VI 


Posterior cingulate cortex 
Layers II-III 
Layers V-VI 


Anterior cingulate cortex 
Layers II-III 
Layers V-VI 


Orbitofrontal cortex 
Layers II-III None 
Layers V-VI Rare 


13.4+3.4 
7? 62X12 


None 
None 


139219 
§.6+1.7 


None 
None 


None 
None 


1 Sat 
4.1=2.5 


None 
None 


8.51.9 
4.4+1.2 


None 
None 


1102.2 
FOTN 


None 
None 


6.4+1.9 
4.3+0.7 


Amygdala 
Nucleus lateral 
Nucleus basal 


4.4+1.2 
4.0+1.1 10.0+1.6 


1.0£1.0 TARSI: 


*Counts represent mean+SEM from eight to 10 1-mm cortical 
traverses. In the amygdala and basal nucleus of Meynert, counts are ex- 
pressed per square millimeter of tissue section. Layers where only a few 
NFTs were observed on a section (one to 10 NFTs per section) are in- 
dicated as rare. Materials were stained with thioflavine S. For further de- 
tails and comparison with Alzheimer’s disease cases, see text and 
Table 1. 


3.3+0.8 





Nucleus basalis of Meynert 


were mounted onto poly-L-lysine—coated slides. They were then 
treated with 0.25% potassium permanganate in PBS for 4 minutes. 
The sections were then placed in a solution consisting of 1% po- 
tassium metabisulfite and 1% oxalic acid in PBS for 2 to 3 minutes, 
rinsed, and stained with 0.0125% thioflavine S in 40/60 100% 
ethanol/PBS (vol/vol ratio) for 3 minutes. They were finally 
rinsed in 50% ethanol in PBS and mounted in glycerin/ water (3: 
1).”*! To further visualize NFT distribution, a previously fully 
characterized polyclonal antibody to the microtubule-associated 
protein tau? was also used at a working dilution of 1:2000 and 
incubated overnight at 4°C. Following incubation, the sections 
were processed by the avidin-biotin method with use of an im- 
munostaining kit (Vectastain ABC, Vector Laboratories, Burlin- 
game, Calif) and diaminobenzidine. Finally, the immunoreactiv- 
ity was intensified with osmium tetroxide. 

In each case, lesions were counted in all neocortical areas in 
layers II to II and V to VI separately and in the pyramidal layer 
of the hippocampus. Ten slides were analyzed for each area from 
each brain. The extent of neuronal loss was not quantified in this 
series of cases. Lesions were counted in six to 10 1-mm-wide cor- 
tical traverses at a magnification of X100 on a computer-assisted 
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Perirhinal 


a 


3 
2 


Inferior 
Temporal 


Fig 1.—Computer-generated map of neurofibrillary tangle (solid circles) 
and senile plaque (open squares) distribution in the hippocampal 
formation and inferior temporal aspect of the cortex of our study patient. 
The map was created at a magnification of X 200 by collecting the x-y 
coordinates of all the thioflavine S—positive lesions present under adja- 
cent 250-\.m-wide tissue traverses through the entire extent of the sec- 
tion. The tissue traverses were then automatically assembled to create 
the map. Note the high neurofibrillary tangle density in the hippocam- 
pus fields CA1-3 of Ammon’s horn, subiculum, and entorhinal aspect of 
the cortex compared with the inferior temporal aspect of the cortex. Also, 
there is a progressive increase in the number of senile plaques toward 
the inferior temporal aspect of the cortex. DG indicates dentate gyrus. 


image analysis system consisting of a photomicroscope (Zeiss 
Axiophot, Zeiss, Obercochen, Federal Republic of Germany) 
equipped with a motorized stage, a DEC 3100 workstation (Dig- 
ital Equipment Corporation, Westminster, Mass) and Macintosh 
II server (Apple Computer Inc, Cupertino, Calif), high-resolution 
scanners, and custom software. In noncortical areas (nucleus 
basalis of Meynert and amygdala), lesions were counted in a se- 
ries of 1-mm° fields. Also, computer-generated maps of lesion 
distribution in the hippocampal formation of the study patient 
were created at a magnification of X200 by collecting the x-y co- 
ordinates of all the lesions present under adjacent 250-um-wide 
tissue traverses through the entire extent of the hippocampal 
fields, the subiculum, and the entorhinal, perirhinal, and inferior 
temporal cortex. These tissue traverses were then automatically 
assembled to create the map shown in Fig 1. 


RESULTS 


High NFT and SP densities were observed in the 
hippocampal formation of the study patient. The subicu- 
lum and layer II of the entorhinal aspect of the cortex also 
demonstrated very high NFT densities, whereas the hip- 
pocampus (fields CA1-3 of Ammon’s horn) displayed rel- 
atively low lesion counts (Table 1 and Figs 1 and 2, top left, 
top right, and bottom left). Few SPs were visible in the 
hippocampus proper and the subiculum, whereas they 
were more numerous in the entorhinal cortex (Table 1 and 
Fig 1). The lesion distribution in the hippocampal forma- 
tion of the study patient was qualitatively comparable to 
that usually observed in cases of AD.'** In the hippocam- 
pal formation, numerous NFTs were stained by the anti- 
body against tau protein (Fig 2, top right). The density of 
tau-positive NFTs was comparable to that of thioflavine 
S-stained NFTs. Large numbers of tau-positive neuropil 
threads were also observed in the same regions. A striking 
feature in the study patient was the presence of NFT clus- 
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Fig 2.—Top left, Hippocampus field CA1 of Ammon ‘s horn in our study patient. Note the high neurofibrillary tangle density. Top right, Adjacent 
field to that shown in top left on a section stained with the anti-tau antibody. Note the numerous neuropil threads. Bottom left, Layer II of the en- 
torhinal aspect of the cortex in our study patient. Bottom right, Neurofibrillary tangle cluster in the anterior olfactory nucleus. Note the presence of 
a few senile plaques. Asterisk indicates the olfactory tract (top left, bottom left, and bottom right, thioflavine S; top right, anti-tau antibody). Bar in- 
dicates 100 um. 


ters in the region of the anterior olfactory nucleus (Fig 2, 
bottom right), with densities of up to 40 NFTs per cluster. 

The EC cases displayed a distribution of NFTs and SPs 
qualitatively similar to that found in the study patient (Ta- 
ble 1). However, in these cases, overall lower lesion den- 
sities were observed (Table 1). It should be noted in par- 
ticular that the study patient showed very high NFT 
densities in the entorhinal and inferior temporal cortex 
compared with the EC cases (Table 1). In addition, in both 
the study patient and the EC cases, the prefrontal cortex 
was devoid of NFTs. Finally, the EC cases had only few SPs 
in the neocortical areas. 

In AD cases, NFT and SP counts in fields CA1-3 were al- 
ways higher than in the study patient (Table 1). Comparable 
NFT densities in layer II of the entorhinal cortex were ob- 
served in the study patient and in the AD cases; however, 
NFT counts in layers III, IV, V, and VI were generally higher 
in the AD cases. In the entorhinal cortex, AD cases displayed 
higher SP counts than the study patient (Table 1). The per- 
irhinal cortex exhibited the highest NFT density in the entire 
cortical mantle in the study patient (Table 2). The peri- 
amygdaloid area showed low lesion counts (Table 2). In the 
neocortical areas of the study patient, the density of SPs in- 
creased compared with values observed in the hippocampal 
formation, while the NFT counts decreased dramatically 
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(Tables 1 and 2). In fact, the inferior temporal cortex was the 
only neocortical region besides the perirhinal cortex to show 
a substantial number of NFTs; however, the NFT density 
was much lower than in the AD cases (Table 1 and Fig 3, top 
left and top right). In the superior frontal cortex, no NFTs 
were found in the study patient, whereas they were numer- 
ousin the AD cases (Table 1 and Fig 3, bottom left and bottom 
right). Neuritic plaque densities in the neocortical areas ex- 
amined were comparable between the study patient and the 
AD cases (Table 1). The areas with the lowest NP densities 
were the visual cortex and the posterior cingulate and orb- 
itofrontal cortex, whereas the planum temporale, midtem- 
poral, posterior parietal, anterior cingulate, and superior 
frontal cortex displayed higher SP counts (Table 2). Numer- 
ous SPs were decorated by tau-positive dystrophic neurites 
in the frontal and temporal neocortex and the hippocampus. 
The nucleus basalis of Meynert showed very low NFT den- 
sities; however, larger numbers of SPs were encountered 
(Table 2). The lateral and basal nuclei of the amygdala were 
enriched with both NFTs and SPs (Table 1). Finally, it should 
be noted that in the neocortex of both the study patient and 
the AD cases, the laminar SP and NFT distribution pattern 
was similar to that previously reported in AD," with NFTs 
predominating in layers V and VI and higher SP counts in 
layers II and II (Table 1). 
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Fig 3.—Top left, Layer V of the inferior temporal aspect of the cortex in our study patient. Note numerous senile plaques; however, the density of 
neurofibrillary tangles is very low. Top right, Layer V of the inferior temporal aspect of the cortex of a patient with Alzheimer’s disease. Note the 
striking abundance of neurofibrillary tangles compared with our study patient. Bottom left, Layer IIl of the superior frontal aspect of the cortex in 
our study patient. There are no neurofibrillary tangles. Bottom right, Layer IlI of the superior frontal aspect of the cortex of a patient with Alzheimer’s 
disease. As in the inferior temporal aspect of the cortex, there are widespread neurofibrillary tangles (thioflavine S staining for all). Bar indicates 100 
Lm. 


COMMENT 


The distribution of SPs and NFTs in the study patient dis- 
played qualitative similarities with that observed in AD 
cases. However, the quantitative assessment of their regional 
and laminar density revealed striking differences that can be 
summarized as follows. First, even though NFTs and SPs 
were present in the CA1-3 fields in the study patient, their 
density was much lower than that usually observed in AD 
and was within the range of that found in the EC cases. Sec- 
ond, in the entorhinal cortex, NFT counts matching those 
found in the AD cases were observed only in layer II, 
whereas they were less numerous in layers III through VI. 
The perirhinal cortex also had a very high density of lesions. 
Third, the number of NFTs progressively decreased in the 
temporal neocortex, and no NFTs could be found in the fron- 
tal neocortex in both the study patient and the EC cases. 
However, neocortical SP densities in the study patient were 
always within the range of SP densities observed in the AD 
cases. These data suggest that the study patient may have 
had very early stage AD. Finally, the NFT distribution in the 
inferior temporal cortex in the study patient could represent 
a transition zone between substantially affected and unaf- 
fected areas, indicating that these areas may represent a re- 
liable marker of the anatomic progression of the disease. 
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Similar observations have been reported by Braak and 
Braak” in the hippocampal formation and temporal neo- 
cortex in six patients with a clinical diagnosis of probable se- 
nile dementia but insufficient cortical SP and NFT densities 
to meet neuropathologic criteria for the diagnosis of AD. In 
these cases, NFTs predominated in the entorhinal cortex and 
were fewer in the CA1 area of the hippocampus proper and 
in the temporal neocortex, whereas SPs were numerous in 
the temporal neocortex.” Although Braak and Braak did not 
report a quantitative analysis of their cases, the distribution 
pattern of the lesions is directly comparable to that observed 
in our study patient. Hyman and colleagues” described a 
very comparable NFT and SP distribution in a similar pa- 
tient. In their case, the neocortical areas contained wide- 
spread amyloid deposition and rare NFTs, whereas the in- 
ferior temporal neocortex and hippocampal formation dis- 
played numerous NFTs and fewer SPs.” 

Although the study patient was clearly not demented, 
the cognitive disturbances noted in the months before her 
precipitous death are similar to the early impairments 
noted in patients who may subsequently progress to more 
global cognitive/behavioral disturbances indicative of 
AD. Although the presentation of these few cognitive dis- 
turbances appeared contemporaneously with the presen- 


Early Vulnerability of Temporal Lobe—Hof et al 


{x 


tation of and the stress related to her preterminal illness, 
these were isolated instances of behavioral disturbances 
unaccompanied by even subtle indexes of delirium. The 
subtle cognitive disturbances evidenced by the study pa- 
tient are noted in association with a pattern of lesion dis- 
tribution in the hippocampal formation that is qualita- 
tively compatible with a neuropathologic diagnosis of AD. 
However, the neuropathologic involvement of the neo- 
cortex differed dramatically from that of a patient with AD 
in that there were virtually no NFTs outside the inferior 
temporal neocortex. This suggests that extensive cortical 
SP and NFT formation restricted to medial temporal areas 
may take place long before the emergence of overt clinical 
symptoms. In particular, the relative preservation of glo- 
bal cognitive functioning in this patient is associated with 
the absence of widespread neocortical NFT formation. 

Several recent studies have suggested that the presenta- 
tion of clinical dementia in cases of AD is associated with 
the appearance of neocortical NFTs but that SPs may be 
widely distributed in the absence of symptoms of cognitive 
deterioration. For instance, Katzman et al” described a se- 
ries of patients judged to be nondemented based on a sin- 
gle clinical evaluation (ie, the possibility of decline from a 
higher level of cognitive function could not be assessed) 
with cortical SP distribution comparable to clinically and 
neuropathologically confirmed cases of AD, but with the 
absence of frontal and parietal NFT formation. Hippo- 
campal and temporal cortical NFT formation in these cases 
was equivalent to that in a control series, with minimal 
evidence of plaque formation. Consistent results were ob- 
tained by Crystal et al,°° who showed that a small series of 
prospectively assessed elderly subjects demonstrating cog- 
nitive deterioration insufficient to meet clinical criteria for 
dementia evidenced cortical SP numbers equivalent to that 
of cases of AD, but with the relative absence of cortical 
NFTs. Like the case described herein, these cases showed 
mild to severe NFT densities and relatively low SP counts 
in the hippocampus. Morris et al” have similarly reported 
four cases with prospectively assessed Clinical Dementia 
Rating scale scores of 0.5, indicating questionable demen- 
tia with SP formation throughout the neocortex but NFTs 
confined to the hippocampal formation. In particular, their 
case 8 displayed a lesion distribution and density compa- 
rable to our case, whereas neocortical SP counts in the three 
other patients with Clinical Dementia Rating scores of 0.5 
were clearly higher than our values.” Recently, in a series 
of 25 patients prospectively or retrospectively assessed for 
dementia, Price et al demonstrated comparable densities 
and distribution of lesions in 19 cases with Clinical 
Dementia Rating scores of 0.5 to 1.0. 

Hubbard et al” reported a pathologic survey of a series 
of 70 unselected general hospital necropsy cases for which 
clinical records were available. In their series, four cases 
(5.6%) with documented evidence of cognitive impairment 
showed numerous NFTs in all neocortical areas examined, 
whereas six cases (8.6%) with no chart evidence for cogni- 
tive compromise showed excessive NFT formation con- 
fined to the hippocampal formation and temporal neo- 
cortex (Brodmann area 22) but absent in the other cortical 
areas surveyed. Hubbard et al suggested that NFT forma- 
tion confined to these areas may represent a preclinical 
stage of AD. This observation parallels the findings in our 
study patient, although the presence and density of SPs 
were not evaluated in neocortical regions outside the tem- 
poral lobe in the study of Hubbard and colleagues. A ret- 
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rospective neuropathologic evaluation of 12 cases aged 
greater than 100 years but without chart evidence of cog- 
nitive impairment revealed dense NFTs in Ammon’s horn, 
moderate NFT involvement in the temporal cortex, but the 
virtual absence of NFTs in remaining neocortical areas.” 
These elderly nondemented patients demonstrated an 
NFT distribution similar to that of our study patient. Other 
descriptions of possible early cases of AD have been 
reported, although the clinical documentation in these 
cases is frequently insufficient to attempt correlative 
observations with neuropathologic findings. It should be 
noted that a retrospective review of the clinical records of 
our study patient or a discussion with her previous phy- 
sician would not have revealed any evidence of cognitive 
dysfunction. 

The quantitative analysis of lesion distribution in the 
cerebral cortex of our study patient suggests that some ar- 
eas of the medial and inferior aspects of the temporal lobe 
are likely to be an early site of NFT formation. In fact, NFT 
counts in the entorhinal cortex were strikingly elevated 
even compared with cases of AD with several years of ev- 
olution. Also, the inferior temporal cortex, a visual associ- 
ation area, appeared to represent a transition zone between 
the severely affected perirhinal portion of the cortex and 
the midtemporal gyrus that contained several SPs but no 
NFTs. Thus, a continuity in NFT distribution within adja- 
cent cortical components of the inferior temporal cortex 
may be a neuropathologic characteristic of patients with 
early AD presenting with normal cognitive abilities or very 
mild symptoms of cognitive decline. Although the analy- 
sis of additional cases will be necessary to demonstrate 
further such localized pathologic changes, it is possible 
that these cortical regions are selectively highly vulnerable 
to the degenerative process. Moreover, the fact that the 
pyramidal layer of the hippocampus proper displayed 
only low NFT counts compared with the AD cases could 
be linked to the clinical observation that our study patient 
exhibited no apparent memory impairment, even though 
the subiculum and entorhinal cortex, two cortical areas 
implicated in the circuitry of memory-related sys- 
tems,!®™ were severely affected. Interestingly, the EC 
cases displayed NFT densities more comparable to those 
found in our study patient in the CA1-3 fields. Further- 
more, the preferential involvement of layer II of the 
entorhinal cortex and subiculum compared with the hip- 
pocampus proper suggests that the perforant path inter- 
connecting the entorhinal cortex with the dentate gyrus as 
well as the outflow from the subiculum might be affected 
earlier in the disease than efferents arising from the CA1 
field. 

Another interesting observation in our study patient is 
that in cortical areas displaying thioflavine S—positive 
NFTs, similar NFT densities were detected using an anti- 
tau protein antibody. A recent study on the evolution of 
dementia in AD* reported a progressive deposition of 
paired helical filament in the frontal cortex with use of an 
antibody to the pronase-resistant paired helical filament 
core. Only cases with a relatively long duration of illness 
exhibited consistent paired helical filament staining in the 
frontal cortex.*! However, cases with a clinically uncon- 
firmed diagnosis of AD but with pathologic evaluation 
compatible with AD displayed numerous structures la- 
beled by the Alz-50 antibody,” which is known to recog- 
nize abnormally phosphorylated forms of tau protein.” 
The fact that numerous tau-positive NFTs and neuropil 
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threads were observed in the medial and inferior tempo- 
ral areas of case A parallels these results and suggests that 
a progressive spreading of the lesions in the neocortex is 
likely to take place in AD. Thus, the careful and systematic 
investigation of medial and inferior temporal cortical areas 
compared with adjacent middle and superior temporal 
cortex may be critical for the neuropathologic diagnosis 
and clinical correlation in cases of early AD. 

Besides the fact that inferior temporal cortical areas 
could be a transitional zone in the development of AD- 
related changes, it should be noted that areas classically 
involved in the course of the disease showed significant 
pathologic alterations in our study patient. Thus, the 
entorhinal cortex, the subiculum, and the hippocampus 
proper displayed qualitatively similar patterns of lesion 
distribution to that described in AD. The lateral and 
basal nuclei of the amygdala were also affected in our 
study patient. These nuclei are known to be the site of ex- 
tensive NFT and SP formation.” ® It is therefore possible 
that these regions of the amygdala are involved early in the 
degenerative process. Moreover, the anterior olfactory nu- 
cleus displayed large NFT clusters in our study patient. 
This region and other areas related to the olfactory system 
have been demonstrated to be severely affected in AD as 
well as in elderly nondemented people.” 

Senile plaques were densely distributed throughout the 
neocortical areas in our study patient. Regions devoid of 
NFT formation, such as prefrontal and midtemporal cor- 
tex, showed SP densities comparable to those observed in 
AD. The presence of neocortical SPs in nondemented indi- 
viduals is well documented**?“+; indeed, a weak correla- 
tion between SP counts and severity of dementia has been 
demonstrated.** The fact that high numbers of SPs can be 
detected in neocortical areas of intellectually normal per- 
sons suggests that SPs alone are insufficient for the 
expression of dementia in AD, although their appearance 
in the neocortex could precede NFT formation. In AD, the 
distribution of SPs and NFTs in association areas cortex 
exhibits a strong degree of complementarity, with SPs be- 
ing more dense in the supragranular layers and NFTs be- 
ing more dense in the infragranular layers,>”*"? indicating 
a general pattern of lesion distribution along specific ele- 
ments of the cortical circuitry, with SPs possibly repre- 
senting the degeneration of terminal arbors distant to their 
cells of origin that may have succumbed to NFT formation. 
Thus, SP and NFT formation might be linked by connec- 
tivity, not proximity. The lack of a link due to proximity is 
further underscored by the fact that our study patient had 
high SP counts in neocortical areas, with few or no NFTs, 
and high NFT densities in areas with low SP counts (ie, 
entorhinal cortex). These observations suggest that, at least 
in regard to NFT formation, local amyloid deposition in the 
form of SPs is unlikely to exert neurotoxic effects. It is also 
worth noting that in the EC cases, only rare SPs were ob- 
served, even in areas where NFTs were present. 

As suggested previously, the regional and laminar 
localization of SPs and NFTs suggests that long cortico- 
cortical projections originating from layers III and V are 
likely to be selectively vulnerable in AD and may lead to 
a syndrome of global neocortical isolation.*”*"2 Moreover, 
we have demonstrated in AD a dramatic loss of a subclass 
of pyramidal neurons characterized by large somatic size, 
extensive dendritic arborization, and high levels of non- 
phosphorylated neurofilament protein.°’*°*” These neu- 
rons have a preferential distribution in layers III and V of 
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the neocortex and are also present in layer II of the 
entorhinal cortex and in the subiculum.‘744 Their loss is 
strongly correlated with the total neuron loss that occurs 
in cases of AD as well as with NFT counts.®” Moreover, we 
have demonstrated that these cells furnish long cortico- 
cortical connections in the primate brain.** Thus, these data 
and the analysis of our study patient suggest that the ex- 
pression of dementia in AD may depend on the progres- 
sion of the disease along specific corticocortical connec- 
tions, including medial and inferior temporal lobe 
structures.™™ Furthermore, although parahippocampal 
and temporal neocortical areas may be involved early in 
the progression of AD, degeneration of these circuits is in- 
sufficient to produce dementia. We suggest that dementia 
only ensues once the corticocortical projections that inter- 
connect temporal lobe with prefrontal, parietal, and cin- 
gulate areas degenerate, along with the projections inter- 
connecting these nontemporal association areas with each 
other. 
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Original Contribution 


Oculomotor, Auditory, and Vestibular Responses in 
Myotonic Dystrophy 


Wim I. M. Verhagen, PhD; Jan Pieter ter Bruggen; Patrick L. M. Huygen, PhD 


e In 13 patients with myotonic dystrophy, oculomotor, au- 
ditory, and vestibular tests were performed. All 13 patients 
showed one or more abnormalities. There was a significant 
increase in the penetrance of the separate abnormalities 
with age. Saccadic slowing was found in 10 patients, in a 
severe form in three. Seven patients had a sensorineural 
high-tone hearing loss (30 to 85 dB at 8 kHz), which was in 
excess of that expected for their age, that could be attrib- 
uted to myotonic dystrophy. Brain-stem auditory evoked 
potentials showed a significant interwave delay of the I-V 
interval (0.35 to 0.7 milliseconds). An abnormal vestibulo- 
ocular reflex was found in six patients; three had vestibular 
hyperreflexia with increased gain, and three had hypore- 
flexia with short time constants. This study confirms that in 
myotonic dystrophy, sensory system involvement can be 
found on both a peripheral and a central level. 
(Arch Neurol. 1992;49:954-960) 


[' is well known that myotonic dystrophy (MD) is a pro- 

gressive autosomal dominant multisystem disorder 
(see Kuhn and Fiehn' and Miller? for review). The associ- 
ated gene defect, ie, an unstable DNA segment in affected 
subjects, has been recently identified within the region of 
the MD locus on chromosome 19.3 Neurophysiologic 
studies on MD have produced evidence for peripheral and 
central involvement. Evidence for peripheral involvement 
has come from studies employing electromyography,*” 
somatosensory evoked potentials," visual evoked poten- 
tials,"°’*'* and audiometry.'*'5 Evidence for central in- 
volvement has come from studies employing brain-stem 
auditory evoked potentials (BAEPs),'° somatosensory 
evoked potentials,"’"*” visual evoked potentials,’ and 
electro-oculography (EOG).'*"° 

Evidence for a combination of peripheral and central 
abnormalities was found for the somatosensory system"! 
and the visual system." This study was undertaken to find 
out whether the oculomotor, auditory, and vestibular sys- 
tems also exhibit a combination of peripheral and central 
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dysfunctions in patients with MD, when studied with 
suitable methods. 


SUBJECTS AND METHODS 


Our study population comprised 13 patients with MD (Table 1) 
(eight men and five women, aged 18 to 57 years, median age of 
39 years). The group included a father and two sons (patients 12, 
2, and 3) and a father and a daughter (patients 11 and 1). All of 
the patients met the criteria for MD according to Griggs and 
Woods.” General physical, neurologic, and ophthalmologic ex- 
aminations had been performed previously. Special attention was 
given to eye movement disturbances, muscle weakness, atrophy, 
and myotonia. Visual acuity was measured. A slit-lamp exami- 
nation for lens opacities and funduscopy were performed. A rou- 


tine otolaryngologic examination was performed on the day of * 


testing. Examination results will be mentioned only where rele- 
vant. The assessment of the severity of MD was based on both the 
Karnofsky index” and the value of the Medical Research Council 
(MRC) scale? sum score of 11 limb muscles (Table 1). 


Oculomotor System 


Eye movements were recorded with direct-current EOG. The 
filter settings were 30 Hz low pass for all the tests except for the 
saccade velocity test, for which 100 Hz was used. Calibration of 
eye movement was made before each test by having the patient 
look in alternation at two light dots 10° on either side of the pri- 
mary position. The resulting (20°) saccades were analyzed as re- 
ported previously,” in this case using a 125-Hz sampling rate 
(both monocular horizontal leads) and an overall filter character- 
istic (from input to output including the numerical methods of 
smoothing and differentiation) with 3-, 6-, 12-, and 18-dB points 
at 11, 15, 21, and 25 Hz. The primary saccades that had been best 
performed, ie, were followed by only a small correction saccade, 
if any, were selected for analysis; testing was continued until at 
least four representative saccades in each horizontal direction had 
been collected. Eyelid or other movement artifacts were avoided, 
if possible, by inspecting a vertical lead on the EOG and recorded 
close-up video pictures of the patient’s eyes. The 5% lower con- 
fidence limit derived from measurements in 17 normal subjects 
(11 men, six women, aged 14 to 85 years) was 280°/s for the peak 
velocity; the upper 5% confidence limit for saccade duration was 
100 milliseconds. Smooth pursuit (SP) was tested using a light dot 
moving in a circular fashion” (radius, 10°; peak velocities in hor- 
izontal and vertical directions, 20°/s). Optokinetic nystagmus 
(OKN) responses were elicited with shadow stripes (7.5° width 
and separation) projected onto a hemicylindrical screen in front 
of the patient, which covered 100*50° of the visual field. The 
stimulus velocities used were 40°/s and 60°/s; the lower 5% con- 
fidence limit of response velocity was 20°/s. Gaze positions were 
tested to see whether there was any gaze nystagmus (in the light, 
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with the patient fixating a target at about 30° to 40° lateral 
displacement). 


Auditory System 


Pure-tone audiograms (PTAs) were measured with an audi- 
ometer (Interacoustics AC5, Interacoustics, Assens, Denmark) to 
determine the hearing threshold (in decibels hearing level [HL], 
measured according to ISO 8253-1). We employed the method 
of ISO 7029% to calculate a 95th percentile threshold value for 
presbycusis for each patient at each frequency, relating to the pa- 
tient’s age and sex. This method is almost equivalent to that of 
Robinson and Sutton,” who presented a full account of this 
method. Only a hearing loss greater than the 95th percentile value 
relating to presbycusis will be called significant herein. Tym- 
panograms and contralateral and ipsilateral acoustic middle-ear 
muscle reflexes were elicited and recorded with a tympanometer 
(Amplaid 720, Amplaid, Milan, Italy) and x-y recorder. 

Brain-stem auditory evoked potentials were obtained with a 
Medelec Sensor AS10/ER94a and Telephonics TDH-49P system 
(Medelec, Surrey, England) linked to a personal computer. 
Silver-silver chloride cup electrodes were attached to the skin of 
the forehead and both mastoids. The wrist served as the ground 
electrode. Skin potentials were amplified differentially with 20- or 
50-V input sensitivity and artifact rejection level. Filters were set 
at 100 Hz high pass (cutoff, 12 dB per octave down) and 6000 Hz 
low pass (cutoff, 6 dB per octave down). Monoaural click stimuli 
(100-microsecond rectangular pulses) were delivered through 
shielded earphones (Telephonics TDH-49P, Medelec). The stim- 
ulus rate was 15 Hz; click intensity was 70, 80, or 90 dB HL. A 
masking white noise of 35, 45, or 55 dB HL intensity, respectively, 
was delivered to the contralateral ear. The final waveforms were 
obtained from 22048, 4X2048, or 6X2048 (averaged) responses 
to stimuli of alternating polarity, which were sampled within a 
time window of 20 milliseconds, using a 512-byte address mem- 
ory. Time-related data pertaining to the component waves (for 
each click intensity) were tested on any abnormalities by apply- 
ing 95% sex-related confidence limits that had been established 
with this equipment in our laboratory. 


Vestibular System 


Vestibular tests were conducted with the patient in the dark 
with the eyes open. We checked whether there was any sponta- 
neous nystagmus. Velocity step tests were performed with a ro- 
tatory chair (Tönnies, Freiburg, Germany). After 0.8°/s* acceler- 
ation and a period of 90°/s constant velocity long enough to let 
the perfotatory nystagmus response subside, the chair was 
stopped with 200°/s* deceleration. The postrotatory nystagmus 
response was analyzed with a computer method,** which 
utilized the parameter slow phase velocity and yielded the 
following response values to characterize the vestibulo-ocular re- 
flex (VOR): initial velocity (V, 90% confidence limits, 30°/s to 
65°/s), time constant (T, 11 to 26 s), and “Gesamtamplitude” or 
cumulative eye displacement (G=VT, 485° to 1135°).* 


Statistical Tests 


Individual values were compared with the above-mentioned 
normal values. Differences in the relative frequencies of any fea- 
ture were tested in a 2X2 contingency table using Fisher’s Exact 
Probability Test; the F value (cf P value) is specified only for sig- 
nificant differences (ie, F<0.05). Correlations between variables 
were analyzed after calculating correlation coefficients and first- 
order partial-correlation coefficients, provided the variables in- 
volved had (approximately) normal distributions and, in combi- 
nation, showed linear and homogeneous bivariate relationships 
(as judged from scatter diagrams). Correlations involving wave 
delay (BAEP) variables with their odd mixtures of zero and non- 
zero values (Table 1) were evaluated by using Fisher's 
(distribution-free) Exact Probability Test. 
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RESULTS 
In General 


All 13 patients showed abnormalities on at least one of 
the examinations. It was striking that six of the seven pa- 
tients who were 39 years of age or older, ie, the group of 
clinically generally more severely affected patients, 
showed one or more severe abnormalities, whereas none 
of the six younger patients showed such severe abnormal- 
ities. The difference is significant (F=0.020) and provides 
evidence for increasing penetrance of abnormalities with 
increasing age. Part of the relevant patient data are given 
in Table 1. 


Oculomotor System 


No gaze nystagmus was found in any of the patients. 
Two patients (11 and 13) had divergent strabismus and 
convergence paralysis. One (patient 8) could not move his 
eyes by more than approximately 15° from the primary 
position. Limitation of convergence was found in three 
patients (1, 4, and 7). Other oculomotor abnormalities were 
not observed. 


Saccades 


Saccadic slowing was found in 10 of the 13 patients, be- 
ing moderate (peak velocity, 225°/s to 270°/s) in seven and 
severe (peak velocity, 145°/s to 180°/s; duration, 150 to 210 
milliseconds) in three. The latter three patients (8, 11, and 
13 in Table 1) were among the oldest patients and those 
who showed the longest duration of disease (>25 years) 
and were in the low ranges of both the Karnofsky index (60 
to 70) and the MRC score (41 to 46). Interestingly, the three 
patients with normal saccades (patients 9, 10, and 12) were 
of about the same age as the patients with severe slowing 
but had a shorter duration of disease (<25 years) and (most 
of them) higher clinical scores. It was remarkable that all 
of the patients who showed peak saccade velocities below 
265°/s had some type of clinically apparent limitation of 
eye movement: convergence paralysis with divergent 
strabismus or limited excursion (patients 8, 11, and 13) was 
linked to peak velocities in the range of 145°/s to 225°/s, 
and limitation of convergence (patients 1, 4, and 7) was 
linked to velocities in the range of 225°/s to 260°/s. Table 
2 gives significant correlations of saccade peak velocity 
with duration of disease, Karnofsky index, MRC score, and 
visual acuity. Partial correlation analysis indicated that 
only the correlation with the Karnofsky index was resistant 
against controlling for any other relevant variable. The 
correlations with duration of disease and visual acuity are 
likely to be spurious, because they vanished when con- 
trolling for either of the clinical scores, which procedure 
attempts to “correct for” the patient’s clinical condition. 


OKN and SP Responses 


Optokinetic nystagmus responses were normal in all of 
the patients, both in horizontal and vertical directions. 
Smooth-pursuit responses were normal in all patients ex- 
cept for two (patients 11 and 13), who showed many sac- 
cades but also occasional smooth hemicycles of sinusoidal 
response.® These two latter patients had the lowest visual 
acuity (0.3 to 0.5). They were the same as the two above- 
mentioned patients with divergent strabismus and con- 
vergence paralysis. 


Myotonic Dystrophy—Verhagen et al 955 


Table 1.—General Clinical Data and Data Obtained From 13 Patients With MD, in Order of Age* 
PTAs, dB 


Visual 
Acuity 


MRC 
Sum” 


Disease 
Duration, y 


Patient No./ 
Age, y/Sex 


Karnofsky 
Index”! 


1/18/F 
2/20/M 
3/21/M 
4/30/F 
5/36/F 
6/38/M 
7/39/F 
8/39/M 
9/39/M 
10/42/F 
11/45/M 
12/45/M 
13/57/M 


Saccade 


Velocity, °/S 


260 
270 
270 
250 
265 
270 
225 
180 
315 
315 
225/180 
340 
145 


SP 


5 


= a e ae ew > ee O ae 


< ~ 2 


= 


R, 
4-8 kHz 
n, 0-0 
n, 15-10 
n, 15-5 
n, 10-15 
n, 0-15 
4, 20-35 
L, 15-40 
L, 15-35 
4, 25-60 
$, 20-40 
L, 10-45 
n, 40-20+ 
n, 20-55 


L, 
4-8 kHz 
n, 0-0 
n, 15-10 
n, 10-10 
4, 20-30 
n, 0-20 
$, 15-35 
$, 10-30 
$, 35-85 
L, 35-55 
$, 20-45 
4, 15-60 
n, 70-40+ 
n, 30-55 


BAEPs, ms 


l-V 
IWD 
n/0.43 
0.41/0.40 
n 
n/0.40 
0.39/0.39 
n 
0.45/0.59 
n/0.37 
n 
0.39/0.35 
0.54/0.65 
n/0.70 


n 


1-111 
IWD 


n 
n/0.33 
0.33/n 


n 


a -fm a & FI [ma ss a SS 


e— 





*MD indicates myotonic dystrophy; MRC, Medical Research Council sum score (summation of the best score of the deltoid, biceps brachii, triceps 
brachii, flexor carpi radial, extensor digitorum, abductor pollicis, ileopsoas, quadriceps, triceps surae, anterior tibial, and long peroneal muscles; 
maximum score, 55); SP, smooth pursuit; PTA, pure-tone audiogram; BAEP, brain-stem auditory evoked potential; IWD, interwave delay; VOR, 
vestibulo-ocular reflex; n, normal; arrow down, defective SP, significant hearing loss at 8 kHz (PTA), or hyporeflexia (VOR); and arrow up, hyper- 
reflexia (VOR). Italicized values are significant. Values given in virgule form indicate on or toward the right and left sides, respectively. 


tNoise exposure. 


Auditory System 


Pure-Tone Audiograms.—A significant sensorineural 
high-tone hearing loss, most prominent at 8 kHz (30 to 85 
dB, Table 1), was found in seven patients (patients 4, 6 
through 11). All of these cases showed descending audi- 
ometer curves beginning at 1 or 2 kHz, their hearing loss 
becoming prominent only at the highest frequencies and 
leaving the speech frequencies almost unaffected. A sig- 
nificant hearing loss at 4 kHz is indicated in Table 1 for 
three additional patients (2, 3, and 12). In patient 3, the 
maximum hearing loss was found at 2 kHz (20 to 25 dB) 
bilaterally. Patient 2 had a significant bilateral loss (15 dB) 
only at 4 kHz. Patient 12 had a most prominent loss at 4 
kHz bilaterally, which was ascribed to heavy noise expo- 
sure. We did not attribute the hearing loss observed in pa- 
tients 2, 3, and 12 to MD. The (significant) hearing loss at 
8 kHz was bilateral and symmetrical within 20 dB in most 
cases. In one case (patient 4) it was unilateral, and in an- 
other case (patient 8) there was a difference of 50 dB 
between left and right. In the younger age group (<39 
years), 33% (2/6) of the patients showed a substantial 
hearing loss (at 8 kHz), as opposed to 71% (5/7) in the older 
age group (39 years and older); the difference is not signif- 
icant. The (significant) hearing loss, however, was more 
severe in the older age group (30 to 85 dB at 8 KHz) than 
in the younger age group (30 to 35 dB at 8 kHz). 

Table 2 gives significant correlations of high-tone hear- 
ing loss with age, duration of disease, Karnofsky index, 
and visual acuity. Only the correlation with age was resis- 
tant against a partial-correlation analysis. The other corre- 
lations are likely to be spurious, except perhaps for the one 
with the Karnofsky index, ie, for one side only. 

Tympanometry and Acoustic Reflexes.—Normal tym- 
panic membrane mobility was found in the 11 patients in 
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whom it was measured (assessment had been omitted in 
patients 2 and 3) except for one (patient 12), in whom mo- 
bility was bilaterally reduced, so we could not measure his 
acoustic reflexes. The reflexes were normal in all the other 
patients measured. 

Brain-Stem Auditory Evoked Potentials.—Some abso- 
lute wave delay of the total I-V complex was found in four 
of the patients (6, 7, 8, and 11), with a significant high-tone 
hearing loss at 8 kHz (range, 0.1 to 0.38 milliseconds), 
which was attributed to their hearing loss. It was also 
found in five patients (1, 2, 5, 12, and 13) without such a 
hearing loss (range, 0.09 to 0.19 milliseconds). This type of 
delay will not be further considered below. A significant 
interwave delay (IWD) was found in nine patients (1, 2, 4, 
5, 7,8, 10 through 12, Table 1). Such a delay was found in 
the I-V interval alone in six cases and in both the I-V and 
the I-III intervals in three cases. 

All of the five women and four of the eight men had ab- 
normal I-V IWD; the difference is not significant. Four pa- 
tients (1, 4, 8, and 12) had a unilateral I-V IWD; this was 
associated with a significant hearing loss at 8 kHz in three 
of them, which was only present or most prominent on the 
same side in two of these patients (Nos. 4 and 8); the third 
(No. 1) showed normal hearing on both sides. Only one 
patient (No. 3), who had the shortest duration of disease 
(2 years), had both normal PTAs at 8 kHz and normal 
BAEPs. The three other patients with a similar short dura- 
tion (3 years) (patients 2, 7, and 10) all showed bilateral 
IWD; the two oldest also had significant hearing loss at 8 
kHz. Three patients (6, 9, and 13) had normal BAEPs with 
bilateral high-tone hearing loss; in one of them (No. 13), the 
hearing loss could be ascribed to presbycusis. All five pa- 
tients (2,5, 7, 10, and 11) with bilateral significant I-V IWD 
had a significant bilateral high-tone hearing loss, except for 
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Table 2.—Correlation Coefficients for Variables With Normal Distributions and _ 


Linear Homogeneous Bivariate Relationships* 


Karnofsky 
Duration Index 
Age 1 
Duration .63t+ 1 
Karnofsky index —.57+§ —.69)| 1 
MRC score = 43 — 82 54 
Visual acuity — 68t§ — .75tt 768 
Peak velocity — 31 — 5 9+4|| 73 
PTA (8 kHz) 
R 81 56t| ~ JG 
L 74 .62tF|| — 5 94§|| 


Saccade 
Velocity 





71t§ 1 
68t§ 75tt 1 
—.22 — .57+§|| —.28] 1 
— 36 — .66t§|| —.38 ZJ 1 


*MRC indicates Medical Research Council sum score (see Table 1 for definition); PTA, pure-tone audiogram. Italicized values are significant (13 


data points, =+.55, P=.05). 


+Partial correlation coefficient not significant when controlling for Karnofsky index. 
+Partial correlation coefficient not significant when controlling for MRC score. 
§Partial correlation coefficient not significant when controlling for duration. 


Partial correlation coefficient not significant when controlling for age. 


q Partial correlation coefficient significant when controlling for Karnofsky index. 


the two youngest of these (patients 2 and 5), who had a 
significant IWD (I-V) but normal PTAs at 8 kHz (for their 
age). For the patient group as a whole, IWD findings were 
not correlated with PTA findings. The BAEP findings were 
not clearly correlated with age: both normal and abnormal 
results were obtained from patients of various ages. The 
greater IWDs, however, tended to occur at a higher age. 
There was no significant correlation between the BAEP 


- findings and the duration of disease or the clinical scores. 


Vestibular System 


None of the patients showed spontaneous nystagmus 
(eyes open in the dark). An abnormal VOR was found in 
six patients. Three patients (2, 4, and 7) showed hyperre- 
flexia characterized by a significantly high gain (velocity, 
68 to 79°/s; Gesamtamplitude, 1166° to 1420°). One of them 
(patient 2) had a mild chronic bronchitis. Patient 10 had a 
similar bronchitis but a normal VOR. 

Hyporeflexia in both nystagmus directions character- 
ized by a significantly short VOR time constant (4 to 9 sec- 
onds) was found in three patients (9, 11, and 13). In each 
of these patients, the short time constants were associated 
with a high-tone hearing loss (45 to 60 dB at 8 kHz), 
although in one of them (patient 13) the hearing loss was 
not significantly higher than the upper confidence limit for 
his age (57 years). A significant IWD (0.54 to 0.65 millisec- 
onds) was found in only one case (No. 11). Two of these 
patients (11 and 13) had severe saccadic slowing. 


COMMENT 
Oculomotor System 


Saccades.—The high incidence of saccadic slowing 
(77%) agrees with the 86% reported by Oohira et al” and the 
83% recently reported in a different group of patients by 
ter Bruggen et al, who used slightly different methods. 
The latter authors found severe slowing in two of 18 pa- 
tients evaluated with EOG. With the introduction of the 
saccade velocity test, Baloh et al” described three patients 
with MD who showed severe slowing. We found only a 
slight reduction in peak velocity in seven patients (54%), 
whereas in the report by ter Bruggen et al,” 72% was in- 
dicated. Just as in the latter report, we found that saccadic 
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slowing can be detected in patients of any age with MD. 
Slowing was apparent on visual inspection only in the 
three most severe cases. This study therefore confirms the 
previous observation that a moderate reduction in saccade 
peak velocity is an important subclinical finding in MD. 
The present three cases with the most severe saccadic 
slowing were found among the older, more severely 
affected patients, just as were the two cases previously re- 
ported by ter Bruggen et al.'° All six patients with the 
slowest saccades (peak velocities in the range of 145°/s to 
260°/s) had some type of clinically apparent limitation of 
eye movement (the saccade test covered excursions of only 
+10° from the primary position, which all of the patients 
were able to perform). No eye movement abnormality 
whatsoever had been apparent on visual inspection in the 
other four cases with significant saccadic slowing (peak 
velocities in the range of 265°/s to 270°/s). So it may be that 
limitation of eye movement is an indication of more severe 
saccadic slowing, but it is also clear that moderate saccadic 
slowing was a subclinical finding in at least four of the 
cases. 

Saccade peak velocity correlated significantly with the 
clinical scores (especially the Karnofsky index). Presum- 
ably, this caused a spurious correlation with visual acuity, 
because the latter variable also correlated with the clinical 
scores. The fact that reduced visual acuity and reduced 
peak velocity tended to coexist in the clinically more severe 
cases accounted for the significant correlation. The obser- 
vation that the correlation vanishes when controlling for 
the effects of the clinical condition indicates that a causal 
relationship is unlikely (this also applies to the above- 
stipulated correlation between high-tone hearing loss and 
visual acuity, which we included as a more obvious exam- 
ple of a spurious correlation). Ina current study on patients 
with Usher’s syndrome, who also have reduced visual 
acuity, we have so far not found any saccadic slowing 
(n=29). 

Two possible explanations might apply to the phenom- 
enon of saccadic slowing in MD. One is based on a 
dysfunction at the central (pre)motor level and the other on 
a dysfunction at the level of the extraocular muscles. Emre 
and Henn” have argued that a peripheral mechanism can- 
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not offer an explanation for the dissociation between rapid 
and slow eye movements or the dissociation they observed 
between horizontal and vertical saccades. They consider 
the rostral pole of the paramedian pontine reticular for- 
mation to be a likely candidate for a bilateral lesion that 
might explain such types of dissociation. Ter Bruggen et 
al” favor a peripheral (myopathic) pathophysiologic 
mechanism. They suggest a selective abnormality of the 
peripheral large-muscle fibers with “en placque” nerve 
endings (labeled as “granular” and “fine” based on his- 
tochemical features), which show a fast (twitch) activity, as 
required for saccades. This would be combined with the 
relative preservation of the small muscle fibers (with a 
“coarse” microscopic aspect) with “en grappe” nerve end- 
ings, which show more tonic activity, as is required for SP 
and the slow phase of nystagmus.” 

It would appear that a selective abnormality of phasic 
extraocular muscle activity would result in a pulse-step 
mismatch of a peripheral nature. If this is so, why did we 
not observe any sign of such a mismatch, ie, a hypometric 
saccade followed by a postsaccadic drift (called “glissade” 
by Weber and Daroff*) “from the position initially given 
by an inadequate pulse to the gaze angle specified by the 
step”? Presumably, such a mismatch, by analogy with 
peripheral abducens% or oculomotor nerve weakness,” 
can be overcome by a central plastic adaptation of the pulse 
of saccadic innervation. Abel et al” showed that the adap- 
tive adjustment of saccadic amplitude depended on chang- 
ing saccade duration. Optican et al” could also correlate 
adaptive changes in saccadic innervation to abnormal ex- 
traocular muscle forces. Given the observation that during 
a normal saccade, the antagonist relaxes completely% and 
that it is in the nature of MD that relaxation can be impaired 
by myotonia, as was also demonstrated in extraocular 
muscles,*>*"° it may well be that abnormal muscle forces 
are involved. Such abnormal forces could be the cause of 
initially undershooting saccades, and the ensuing adaptive 
changes in saccadic innervation, if they occur, might con- 
sist of an increase in the height of the saccadic pulse, as 
much as possible, and an increase in the duration of the 
saccadic pulse, which, despite the decrease in velocity (due 
to peripheral restraining muscle forces), takes the eye to the 
intended gaze angle. 

OKN and SP Responses.—Optokinetic nystagmus re- 
sponses were normal in all of the patients, including the 
two who showed many saccades in their SP response. We 
are therefore inclined to attribute the poor SP response to 
their poor visual acuity (0.3 to 0.5); remarkably, they also 
had convergence paralysis and divergent strabismus. 
Normal SP responses have also been reported by oth- 
ers.”!°*” Contrary to this, the report by von Noorden et al'® 
stated that horizontal SP responses were defective in all of 
their 10 patients with MD. It appears to us, however, that 
in at least one of their recordings, depicted in their figure 
8, which they called “a representative sample for the en- 
tire group,” some smooth parts of the response can be 
found at each of the frequencies (peak velocities, 20°/s to 
45°/s). In view of the fact that most patients with MD have 
reduced vision due to cataract and retinal abnormalities,2“° 
we would not be inclined to accept a deficit in visual fol- 
lowing responses, unless it showed up in both the SP and 
the OKN responses. The OKN responses were not reported 
on by von Noorden et al.'* The only previously published 
OKN responses in MD concerned one patient reported on 
by Emre and Henn.” His horizontal eye movement re- 
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sponses were not calibrated, because he could not perform 
any horizontal saccades but, nevertheless, he showed the 
presence of SP and OKN responses. The latter were more 
lively in vertical directions, where he had preservation of 
saccades. The findings suggest that the horizontal OKN 
gain was too low. The horizontal SP response looked fairly 
smooth, but we cannot infer the absence of saccades from 
that observation, because the horizontal saccades were so 
severely impaired. 


Auditory System 


Pure-Tone Audiograms.—The present findings were 
similar to those reported previously by Kuhn and Ey.'* The 
effect of age was also similar, but in our smaller sample we 
found no significant increase in the number of subjects 
showing a significant hearing loss at a higher age. How- 
ever, the hearing loss (at 8 kHz) was most severe in the 
older age group, and the correlation with age was signif- 
icant (and did not vanish by partialing out any relevant 
variable). We did not find, nor did Kuhn and Ey," any 
major involvement of the speech frequencies such as that 
reported by Wright et al.’ In view of the total wave delay 
(of the I-V complex) found in the BAEPs in some of the 
present cases, or even the presence of fully normal BAEPs 
in others, we have no other explanation for the high-tone 
hearing loss than involvement of the cochlea and/or the 
cochlear nerve. There was some indication of a significant 
correlation between high-tone hearing loss and the Kar- 
nofsky index; however, the significance was lost for the left 
side after partialing out age, duration, or MRC score. 

Tympanometry and Acoustic Reflexes.—We found 
only one case with reduced tympanic membrane mobility, 
whereas Wright et al’ reported abnormal mobility in eight 
of their 25 cases. In the report by Kuhn and Ey," the sug- 
gestion can be found that in MD the cochlea might be more 
vulnerable to damage caused by noise exposure. We can- 
not exclude that possibility, but our demonstration of nor- 
mal acoustic reflexes at least shows that such an effect, if 
it exists, cannot be due to a defect in that noise-protection 
mechanism. 

Brain-Stem Auditory Evoked Potentials.—The propor- 
tion of our patients with BAEPs showing significant IWD 
(69%) was higher than that reported by Thompson et al," 
ie, 53%. The IWD findings themselves were fairly similar, 
although we did not find cases with isolated I-III IWD, as 
reported by the latter authors. Wright et al had difficulty 
in evaluating IWD in two cases caused by a predominant 
influence of a major peripheral hearing loss; they found 
normal values in two patients and a bilaterally delayed 
wave V in one. Just as Thompson et al, we had no special 
problems related to peripheral hearing loss and attributed 
the total wave delay found in a number of patients to the 
high-tone cochlear loss shown in the PTAs. In some 
patients with significant high-tone hearing loss, it even 
appeared that their BAEPs were completely normal. In the 
patient group with IWD described on by Thompson et al,'° 
there was a significantly low number of women. In our 
group, all of the five women and only four of the eight men 
had IWD. 

The IWD, which was also present in some of our patients 
with normal PTAs and, more in general, was not correlated 
with PTA findings, can only be interpreted in favor of a 
central, ie, brain-stem (auditory) dysfunction. Other stud- 
ies have also indicated central conduction abnormalities of 
other evoked potentials in MD, such as median nerve so- 
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matosensory evoked potentials'’’®'” and pattern visual 
evoked potentials.'”"”!*'”4! The present study did not indi- 
cate any useful correlation between BAEP findings and 
clinical scores. 


Vestibular System 


It is tempting to speculate about the finding of vestibu- 
lar hyperreflexia in MD, because, in principle, this is a 
central abnormality, which has been reported in vestibu- 
locerebellar dysfunction,” multiple sclerosis,” the hyper- 
ventilation syndrome,” and idiopathic spasmodic torticol- 
lis.® It can be suggested, for example, as in the latter report, 
that patients with MD have limited head movements, and 
therefore an enhanced VOR develops. First, however, it 
must be concluded that in this series the relative frequency 
of hyperreflexia was not significantly higher than could 
have been expected on the basis of false positivity (see 
Theunissen et al*! for a statistical discussion). Second, one 
of our patients also had mild chronic bronchitis, and our 
clinical experience indicates that such patients fairly often 
show vestibular hyperreflexia. 

The feature of vestibular hyporeflexia with short time 
constants was not found ina significant number of patients 
in our study either, but nevertheless it merits special 
attention. The first patient (No. 9) with vestibular hypore- 
flexia had a pronounced bilateral high-tone hearing loss 
and completely normal BAEPs (even without a total wave 
delay). A labyrinthine deficit that involves both the co- 
chlear and the vestibular parts is a possible explanation. 
Such a possibility cannot be excluded in the second patient 
with hyporeflexia (No. 11), who also had a significant bi- 
. lateral high-tone hearing loss and IWD but, in addition, 
had severe saccadic slowing. However, the former two 
abnormalities often came together in the present group of 
patients, whereas vestibular hyporeflexia occurred only in 
a minority. The third patient with hyporeflexia (No. 13) 
had a high-tone hearing loss that was not abnormal for his 
age, normal BAEPs, and also severe saccadic slowing. In 
the second and third patients, there are two possible 
explanations for their hyporeflexia: a dysfunction of the 
semicircular canals or the ampullary nerves, or a central 
deficit. In the latter case, similar to our previously reported 
findings on multiple sclerosis, it might be that the hypore- 
flexia is associated with, or secondary to, a central oculo- 
motor dysfunction of, for example, the saccadic system." 
It can be shown that the latter two (among the three old- 
est, ie, 45 to 57 years old) patients combined two relatively 
infrequent features, ie, vestibular hyporeflexia (relative 
frequency was three of 13 cases) and severe saccadic slow- 
ing (relative frequency was three of 13). The number of 
cases that can be expected to have this specific combination 
in a sample size of three is 3(3/13)(3/13)=0.16; according 
to Poisson tables, a frequency of two is significant (P=.012). 
This implies that it might not be a coincidental finding that 
in two of the three oldest patients (with the longest dura- 
tion of disease) a clinical picture had developed that com- 
bined vestibular hyporeflexia with severe saccadic slow- 
ing. If these two abnormal features are indeed linked, we 
may assume, by analogy with multiple sclerosis,“ that they 
share a common central causative factor. Another calcula- 
tion showed that the combination of several abnormalities 
might also be associated with an increase of penetrance 
with age. If we take the chance for each abnormality in the 
older age group from a lower limit at 39 years, which is the 
youngest age at which any of these abnormalities was 
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found, the number of cases that can be expected to have 
both abnormalities is 7(3/7)(3/7)=1.29; thus, a frequency 
of two is not significant (P=.37). 

In summary, it is clear that with application of the 
above-mentioned tests, (subclinical) peripheral or central 
disturbances of the oculomotor, auditory, and vestibular 
systems can be detected in patients with MD. 


We thank A. J. Beynon, M. G. M. Nicolasen, and J. F. P. Noten for 
their technical assistance, C. C. Tyssen for referring some patients and 
providing patient data, and the patients for their cooperation. 

Dr Huygen is a biostatistician (as well as a physiologist). 
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FIORINAL = 
(Codeine phosphate USP, 30 mg [warning may be habit forming], butalbital USP, 50 mg (warning: may be habit 
forming), caffeine USP. 40 mg; aspirin USP. 325 mg) 


CAUTION: Federal law prohibits dispensing without prescription 


CONTRAINDICATIONS: Fiorinal® with Codeine is contraindicated under the following conditions 

1. Hypersensitivity or intolerance to aspirin, caffeine, butalbital or codeine 

2. Patients with a hemorrhagic diathesis (e.g, hemophilia, hypoprothrombinemia, von Willebrand's disease, the 
thrombocytopenias, thrombasthenia and other ill-defined hereditary platelet dysfunctions, severe vitamin K deficiency 
and severe liver damage | 

3. Patients with the syndrome of nasal polyps, angioedema and bronchospastic reactivity to aspirin or other nonsteroidal 
anti-inflammatory drugs. Anaphylactoid reactions have occurred in such patients. 

4. Peptic ulcer or other serious gastrointestinal lesions 

5. Patients with porphyria 


WARNINGS: Therapeutic doses of aspirin can cause anaphylactic shock and other severe allergic reactions. It 
should be ascertained if the patient is allergic to aspirin, although a specific history of allergy may be lacking 

Significant pa can result from aspirin therapy in patients with peptic ulcer or other gastrointestinal lesions, 
and in patients with bleeding disorders 

Aspirin administered pre-operatively may prolong the bleeding time i 

In the presence of head injury or other intracranial lesions, the respiratory depressant effects of codeine and 
other narcotics may be markedly enhanced, as well as their capacity for elevating cerebrospinal fluid pressure. 
Narcotics also produce other CNS depressant effects, such as drowsiness, that may further obscure the clinical 
course of patients with head injuries 

Codeine or other narcotics may obscure signs on which to judge the diagnosis or clinical course of patients 
with acute abdominal conditions 

Butalbital and codeine are both habit-forming and potentially abusable. Consequently, the extended use of Fiorinal® 
with Codeine is not recommended 

Results from epidemiologic studies indicate an association between aspirin and Reye Syndrome. Caution should 
be used in administering this product to children, including teenagers, with chicken pox or flu 


PRECAUTIONS: General: Fiorinal® with Codeine should be prescribed with caution for certain special-risk patients 
such as the elderly or debilitated, and those with severe impairment of renal or hepatic function, coagulation disorders, 
or head injuries 

apin should be used with caution in patents on anticoagulant therapy and in patients with underlying hemostatic 
defects. 

Precautions should be taken when administering salicylates to persons with known allergies. Hypersensitivity to 
aspirin is particularly likely in patients with nasal polyps, and relatively common in those with asthma 

Information for Patients: Patients should be informed that Fiorinal® with Codeine contains aspirin and should 
not be taken by patients with an aspirin allergy 

Fiorinal® with Codeine may impair the mental and/or physical abilities required for performance of potentially 
oa tasks such as driving a car or operating machinery Such tasks should be avoided while taking Fiorinal® 
with ine 

Alcohol and other CNS depressants may produce an additive CNS depression when taken with Fiorinal® with 
Codeine, and should be avoided 

Codeine and butalbital may be habit-forming, Patients should take the drug only for as long as it is prescribed, 
in the amounts prescribed, and no more frequently than prescribed 

Tests: In patients with severe hepatic or renal disease, effects of therapy should be monitored with 
serial liver and/or renal function tests 
Interactions: The CNS effects of butalbital may be ennanced by monoamine oxidase (MAO) inhibitors. 

In patients recewing concomitant corticosteroids and chronic use of aspirin, withdrawal of corticosteroids may 
result in salicylism because corticosteroids enhance renal clearance of salicylates and their withdrawal is followed 
by return to normal rates of renal clearance 

Fiorinal® with Codeine may enhance the effects of: 

1. Oral anticoagulants, causing bleeding by inhibiting prothrombin formation in the liver and displacing anticoagulants 
from plasma protein binding sites 

2. Oral antidiabetic agents and insulin, causing hypoglycemia by contributing an additive effect, if dosage of Fiorinal® 
with Codeine exceeds maximum recommended daily dosage. 

3. 6-mercaptopurine and methotrexate, causing bone marrow toxicity and blood dyscrasias by displacing these drugs 
from secondary binding sites, and, in the case of methotrexate, also reducing its excretion 

4 eo anti-inllammatory agents, increasing the risk of peptic ulceration and bleeding by contributing additive 

ects 

5. Other narcotic analgesics, alcohol, general anesthetics, tranquilizers such as chlordiazepoxide, sedative-hypnoltics, 
or other CNS depressants, causing increased CNS depression 

Fiorinal® with Codeine may diminish the effects of: Uricosuric agents such as probenecid and sulfinpyrazone, 
reducing their effectiveness in the treatment of gout. Aspirin competes with these agents for protein binding sites. 

Drug/Laboratory Test Interactions 

Aspirin: Aspirin may interfere with the following laboratory determinations in blood: serum amylase, fasting blood 
glucose, cholesterol, protein, serum ahaa caon transaminase (SGOT), uric acid, prothrombin time and bleeding 
time. Aspirin may interfere with the following laboratory determinations in urine: glucose, 5-hydroxyindoleacetic acid, 
Gerhardt ketone, vanillyimandelic acid [VMA], uric acid, diacetic acid, and spectrophotometric detection of barbiturates. 

Codeine: Codeine may increase serum amylase levels 

S, Mulagenesis, Impairment of Fertility: Adequate long-term studies have been conducted in 
mice and rats with aspirin, alone or in combination with other drugs, in which no evidence of carcinogenesis was 
seen. No adequate studies have been conducted in animals to determine whether aspirin has a potential for mutagenesis 
or impairment of fertility No adequate studies have been conducted in animals to determine whether butalbital 
has a potential for carcinogenesis, mutagenesis, or impairment of fertility 

Usage in Pregnancy 

Teratogenic Effects. Pregnancy Category C — Animal reproduction studies have not been conducted with Fiorinal® 
with Codeine It is also not known whether Fiorinal® with Codeine can cause fetal harm when administered to 
a pregnant woman or can affect reproduction capacity Fiorinal® with Codeine should be given to a pregnant woman 
only when clearly needed 

Nonteratogenic Effects: Although Fiorinal® with Codeine was not implicated in the birth defect, a female infant 
was born with lissencephaly, pachygyria and heterotopic gray matter The infant was born 8 weeks prematurely 
to a woman who had taken an average of 90 Fiorinal® with Codeine capsules each month from the first few days 
of pregnancy The child's development was mildly delayed and from one year of age she had partial simple motor 
seizures 

Withdrawal seizures were reported in a two-day-old male infant whose mother had taken a butalbital-containing 
drug during the last 2 months of pregnancy. Butalbital was found in the infant's serum. The infant was given phenobarbital 
5mg/kg, which was tapered without further seizure or other withdrawal symptoms. 

Studies of aspirin use in pregnant women have not shown that aspirin increases the risk of abnormalities when 
administered during the first trimester of pregnancy. In controlled studies involving 41,337 pregnant women and 
their offspring, there was no evidence that aspirin taken during pregnancy caused stillbirth, neonatal death or reduced 
birth weight. In controlled studies of 50,282 pregnant women and their offspring, aspirin administration in moderate 
and heavy doses during the first four lunar months of pregnancy showed no teratogenic effect 

Reproduction studies have been performed in rabbits and rats at doses up to 150 times the human dose and 
have revealed no evidence of impaired fertility or harm to the fetus due to codeine 

Therapeutic doses of aspirin in pregnant women close to term may cause bleeding in mother, fetus, or neonate 
During the last 6 months of pregnancy, regular use of aspirin in high doses may prolong pregnancy and delivery 

Labor and Delivery: Ingestion of aspirin prior to delivery may prolong delivery or lead to bleeding in the mother 
ine during labor may lead to respiratory depression in the neonate. 

Nursing Mothers: Aspirin, caffeine, barbiturates and codeine are excreted in breast milk in small amounts, but 
the significance of their effects on nursing infants is not known. Because of potential for serious adverse reactions 
in Nursing infants from Fiorinal® with Codeine, a decision should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug to the mother 

Pediatric Use: Safety and effectiveness in children below the age of 12 have not been established 


ADVERSE REACTIONS: Observed: The most commonly reported adverse events associated with the 
use of Fiorinal® with Codeine and not reported at an equivalent incidence by placebo-treated patients were nausea 
and/or abdominal pain, drowsiness, and dizziness 

Associated with Treatment Discontinuation: Of the 382 patients treated with Fiorinal® with Codeine in controlled 
Clinical trials, three (0.8%) discontinued treatment with Fiorinal® with Codeine because of adverse events. One patient 
each discontinued treatment for the following reasons: gastrointestinal upset, lightheadedness and heavy eyelids; 
and drowsiness and generalized tingling. 
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events reported by at least 1% of the Fiorinal® with Codeine treated patients in controlled clinical trials comparing 
eae with Codeine to placebo, and provides a comparison to the incidence rates reported by the placebo- 
treated patients. 

The prescriber should be aware that these figures cannot be used to predict the incidence of side effects in 
the course of usual medical practice where patient characteristics and other factors differ from those that prevailed 
in the clinical trials. Similarly, the cited frequencies cannot be compared with figures obtained from other clinical 
investigations involving different treatments, uses, and investigators. 


Adverse Events Reported by at Least 1% of Fiorinal® with Codeine Treated Patients 








During Placebo Controlled Clinical Trials 
Incidence Rate of Adverse Events 

Body System/ Fiorinal®/Codeine Placebo 

Adverse Event (N = 382) (N = 377) 
Central Nervous 

Drowsiness 24% 0.5% 

Dizziness/Lightheadedness 26% 0.5% 

Intoxicated Feeling 10% 0% 
Gastrointestinal 

Nausea/Abdominal Pain 3.7% 0.8% 








Other Adverse Events Reported During Controlled Clinical Trials: The listing that follows represents the proportion 
of the 382 patients exposed to Fiorinal® with Codeine while participating in the controlled clinical trials who reported, 
on al least one occasion, an adverse event of the type cited. All reported adverse events, except those already 
presented in the previous table, are included. It is important to emphasize that, although the adverse events reported 
did occur while pda was receiving Fiorinal® with Codeine, the adverse events were not necessarily caused 
by Fiorinal® with ine 

Adverse events are classified by body system and frequency. “Frequent” is defined as an adverse event which 
occurred in at least 1/100 (1%) of the patients; all adverse events listed in the previous table are frequent. "Infrequent" 
is defined as an adverse event that occurred in less than 1/100 patients but at least 1/1000 patients. All adverse 
events tabulated below are classified as infrequent. 

Central Nervous: headache, shaky feeling, tingling, agitation, fainting, fatigue, heavy eyelids, high energy, hot spells, 
numbness, and sluggishness. 

Autonomic Nervous: dry mouth and hyperhidrosis 

Gastrointestinal: vomiting, difficulty swallowing, and heartburn 

Cardiovascular: tachycardia. 

Musculoskeletal: leg pain and muscle fatigue. 

Genitourinary: diuresis 

Miscellaneous: pruritus, fever, earache, nasal Congestion, and tinnitus. 

Voluntary reports of adverse drug events, temporally associated with Fiorinal® with Codeine, that have been received 
since market introduction and that were not reported in clinical trials by the patients treated with Fiorinal® with 
Codeine, are listed below Many or most of these events may have no causal relationship with the drug and are 
listed according to body system 

Central Nervous: Abuse, addiction, anxiety, depression, disorientation, hallucination, hyperactivity, insomnia, libido 
decrease, nervousness, neuropathy, psychosis, sedation, sexual activity increase, slurred speech, twitching, uncon- 
sciousness, vertigo. 

Autonomic Nervous: epistaxis, flushing, miosis, salivation 

Gastrointestinal: anorexia, appetite increased, constipation, diarrhea, esophagitis, gastroenteritis, gastrointestinal 
spasm, hiccup, mouth burning, pyloric ulcer. 

Cardiovascular: chest pain, hypotensive reaction, palpitations, syncope. 

Skin: erythema, erythema multiforme, exfoliative dermatitis, hives, rash, toxic epidermal necrolysis. 

Urinary: kidney impairment, urinary difficulty. 

Miscellaneous: allergic reaction, anaphylactic shock, cholangiocarcinoma, drug interaction with erythromycin 
(stomach upset), edema 

The following adverse drug events may be borne in mind as potential effects of the components of Fiorinal® 
with Codeine. Potential effects of high dosage are listed in the OVERDOSAGE section of this insert. 

Aspirin: occult blood loss, hemolytic anemia, iron deficiency anemia, gastric distress, heartburn, nausea, peptic 
ulcer, prolonged bleeding time, acute airway obstruction, renal toxicity when taken in high doses for prolonged 
periods, impaired urate excretion, hepatitis, 

Caffeine: cardiac stimulation, irritability, tremor, dependence, nephrotoxicity, hyperglycemia 

Codeine: nausea, vomiting, drowsiness, lightheadedness, constipation, pruritus 


DRUG ABUSE AND DEPENDENCE: Fiorinal® with Codeine is controlled by the Drug Enforcement Administration 
and is Classified under Schedule Ill. 

Codeine: Codeine can produce drug dependence of the morphine type and, therefore, has the potential for 
being abused. Psychological dependence, physical dependence, and tolerance may develop upon repeated 
administration and it should be prescribed and administered with the same degree of caution appropriate to the 
use of other oral narcotic medications. 

Butalbital: Barbiturates may be habit forming: Tolerance, pearing dependence, and physical dependence 
may occur especially following prolonged use of high doses of barbiturates. The average daily dose for the barbiturate 
addict is usually about 1,500 mg. As tolerance to barbiturates develops, the amount needed to maintain the same 
level of intoxication increases; tolerance to a fatal dosage, however, does not increase more than two-fold. As this 
occurs, the margin between an intoxication dosage and fatal dosage becomes smaller. The lethal dose of a barbiturate 
is far less if alcohol is also ingested. Major withdrawal symptoms (convulsions and delirium) may occur within 16 
hours and last up to 5 days after abrupt cessation of these drugs. Intensity of withdrawal symptoms gradually declines 
over a period of approximately 15 days. Treatment of barbiturate dependence consists of cautious and gradual 
withdrawal of the drug. Barbiturate-dependent patients can be withdrawn by using a number of different withdrawal 
regimens. One method involves initiating treatment at the patient's regular dosage level and gradually decreasing 
the daily dosage as tolerated by the patient 


OVERDOSAGE: The toxic effects of acute overdosage of Fiorinal® with Codeine capsules are attributable mainly 
to the barbiturate and codeine components, and, to a lesser extent, aspirin. Because toxic effects of caffeine occur 
in very high dosages only, the possibility of significant catteine toxicity from Fiorinal® with Codeine overdosage 
is unlikely 

Signs and Symptoms attributable to acute barbiturate poisoning include drowsiness, contusion, and 
coma; respiratory depression, hypotension; shock. Symptoms attributable to acute aspirin poisoning include hyperpnea: 
acid-base disturbances with development of metabolic acidosis; vomiting and abdominal pain, tinnitus, hyperthermia; 
hypoprothrombinemia, restlessness; delirium; convulsions. Acute caffeine poisoning may cause insomnia, restlessness, 
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tremor, and delirium; tachycardia and extrasystoles. Symptoms of acute codeine poisoning include the triad of: pinpoint Y 


pupils, marked depression of respiration, and loss of consciousness. Convulsions may occur. 

Treatment: The following paragraphs describe one approach to the treatment of overdose with Fiorinal® with 
Codeine. However, because strategies for the management of an overdose continually evolve, consultation with a 
regional poison control center is strongly encouraged 

reatment consists primarily of management of barbiturate intoxication, reversal of the effects of codeine, and 
the correction of the acid-base imbalance due to salicylism. Vomiting should be induced mechanically or with emetics 
in the conscious patient. Gastric lavage may be used if the pharyngeal and laryngeal reflexes are present and 
if less than 4 hours have elapsed since ingestion. A cuffed endotracheal tube should be inserted before gastric 
lavage of the unconscious patient and when to provide assisted respiration. Diuresis, alkalinization of 
the urine, and correction of electrolyte disturbances should be accomplished through administration of intravenous 
fluids such as 1% sodium bicarbonate and 5% dextrose in water. 

Meticulous attention should be given to maintaining adequate pulmonary ventilation. Correction of hypotension 
may require the administration of levarterenol bitartrate or phenylephrine hydrochloride by intravenous infusion. In 
severe cases of intoxication, peritoneal dialysis, hemodialysis, or exchange transfusion may be lifesaving. 
Hypoprothrombinemia should be treated with vitamin K, intravenously. 

Methemaglobinemia over 30% should be treated with methylene blue by slow intravenous administration. 

Naloxone, a narcotic antagonist, can reverse respiratory depression and coma associated with opioid overdose 
Typically, a dose of 0.4 mg to 2 mg is gen parenterally and may be repeated if an adequate response is not 
achieved. Since the duration of action of codeine may exceed that of the antagonist, the patient should be kept 
under continued surveillance and repeated doses of the antagonist should be administered as needed to maintain 
adequate respiration. A narcotic antagonist should not be administered in the absence of clinically significant respiratory 
or cardiovascular depression 


Toxic and Lethal Doses: 
Butalbital: toxic dose 1.0 g (adult); lethal dose 2.0-5.0 g 
Aspirin: toxic blood level greater than 30 mg/100 mL; lethal dose 10-30 g (adult) 
Caffeine: toxic dose greater than 1.0 g; lethal dose unknown 
Codeine: lethal dose 0.5-1.0 g (adult) 
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Neurocysticercosis and Human 
Immunodeficiency Virus Infection 


A Possible Association 


Charles A. Thornton, MD; Stan Houston, MD; A. S. Latif, MB 


e We present four patients with active neurocysticercosis 
and human immunodeficiency virus type 1 infection. In 
three patients, symptoms of neurocysticercosis brought the 
patient to medical attention and led to the diagnosis of hu- 
man immunodeficiency virus infection. Neurocysticercosis 
should be considered in human immunodeficiency virus- 
infected persons who have been in areas where cysticerco- 
sis is endemic. 
(Arch Neurol. 1992;49:963-965) 


ere is geographic variation in the pattern of opportu- 

nistic infections in persons with acquired immunode- 
ficiency syndrome.’ One factor contributing to this may be 
the prevalence of microorganisms in the environment.'” 
Pneumocystis, Toxoplasma, and Cryptosporidium are the 
main parasites associated with acquired immunodefi- 
ciency syndrome in North America and Europe.* Other 
organisms could potentially interact with human immu- 
nodeficiency virus (HIV) in regions where parasitic disease 
is endemic, such as Africa.'” 

An estimated 6 million residents of sub-Saharan Africa 
were HIV seropositive in early 1991.* However, the neuro- 
logic complications of HIV infection in this region have 
received little study. Of the endemic parasitic diseases with 
major neurologic consequences, HIV infection has not been 
shown to influence malaria or trypanosomiasis”® but cys- 
ticercosis has not been studied. We describe four Zimba- 
bwean patients with HIV infection and active neurocys- 
ticercosis (NCC). To our knowledge, coinfection with HIV 
and cysticercosis has not been reported previously, except 
at autopsy.’ 


PATIENTS, MATERIALS AND METHODS 


Of 107 patients with neurologic disturbance and HIV infection 
seen consecutively at the teaching hospitals in Harare, Zimbabwe 


Accepted for publication May 12, 1992. 

From the Departments of Medicine (Drs Thornton and Latif) and Clin- 
ical Pharmacology (Dr Houston), University of Zimbabwe School of 
Medicine, Harare. Drs Thornton and Houston are now with the Univer- 
sity of Rochester (NY) and the University of Alberta, Edmonton, respec- 
tively. 

Reprint requests to the Department of Neurology, Box 673, Strong 
Memorial Hospital, 601 Elmwood Ave, Rochester, NY 14642 (Dr 
Thornton). 


Arch Neurol—Vol 49, September 1992 


(to be reported separately), 13 had computed tomographic (CT) 
scans showing intracranial mass lesions. The intracranial lesions 
were considered complications of HIV infection in seven patients 
(four with toxoplasmosis, two with tuberculoma, and one with 
subdural empyema). The relationship of the intracranial lesions 
to HIV infection was uncertain in six patients (four with NCC, one 
with cerebral hemorrhage, and one with no diagnosis estab- 
lished). The diagnosis of NCC was based on the CT appearance 
of multiple parenchymal cysts, some having eccentric nodular 
densities. Neurocysticercosis was considered the best explanation 
for the neurologic disturbance in each case, rather that an 
incidental finding. Enzyme-linked immunoassay (ELISA) for 
cysticercosis was performed as previously described." Serologic 
tests for HIV were performed by the Blood Transfusion Service, 
Harare, with a strong positive HIV ELISA result taken as 99% 
specific, based on the rate of confirmation by Western blot anal- 
ysis.’ The diagnosis of HIV infection was based on a strong pos- 
itive HIV ELISA and Western blot analysis (cases 1, 2, and 4) or 
a repeatedly strong positive ELISA in an individual with risk fac- 
tors for HIV infection (case 3). 


REPORT OF CASES 


CASE 1.—A male farm worker, aged 40 years, complained of 
headache, poor vision, and weakness with episodes of rhythmic 
shaking of the left arm and leg for 2 weeks. Examination showed 
mild nuchal rigidity, generalized lymphadenopathy, mild obtun- 
dation, papilledema, left hemianopia, bilateral sixth nerve pare- 
sis, and left hemiparesis. A CT scan (Figure) showed hydroceph- 
alus, and numerous intraparenchymal cystic lesions including a 
group of contiguous lesions in the right frontal lobe consistent 
with racemose cysticercosis. The cysticercosis ELISA on a serum 
sample was positive. Treatment with albendazole and cortico- 
steroids for 14 days produced only slight improvement. He left 
the hospital and was unavailable for follow-up. 

CASE 2.—A 30-year-old man had headache, left arm and leg 
weakness, and poor vision in the left eye for 4 weeks. Examina- 
tion showed oral candidiasis and generalized lymphadenopathy. 
He was alert but disoriented to year. In the left eye there was light 
perception only, optic atrophy, and an afferent pupillary defect. 
In the right eye there was a left upper quadrantanopic visual field 
defect. He had left hemiparesis affecting the face, arm, and leg. 
Pain sensation was reduced in the left hemibody. Spinal fluid ex- 
amination showed 26X10° nucleated cells per liter, elevated 
protein (0.83 g/L), and a normal glucose concentration 
(3.1 mmol/L). A CT scan (Figure) showed numerous parenchy- 
mal cysts, with a hypodense area in the right posterior limb of the 
internal capsule consistent with infarction. The cysticercosis 
ELISA on a serum sample was borderline positive. There was no 


Neurocysticercosis—Thornton etal 963 





Computed tomographic scans without contrast enhancement showing multiple cysts with eccentric nodular densities in case 1 (left) and case 2 (right). 


improvement after treatment with praziquantel and corticoster- 
oids for 14 days. 

CASE 3.—A 36-year-old man had focal seizures of the left hand 
with rare secondary generalization for 10 months. The first 
seizure was followed by persistent weakness and altered sensa- 
tion in the left arm, which had improved over an 8-month period. 
Examination showed generalized lymphadenopathy and incoor- 
dination of the left hand. A CT scan showed multiple parenchy- 

mal cysts including some in the right frontal cortex. The cysticer- 
cosis ELISA ona serum sample was positive. He was treated with 
praziquantel and phenytoin. Infrequent focal seizures occurred in 
the 6 months following treatment. 

CASE 4.—A 25-year-old man was admitted for hemoptysis, 
weight loss, generalized lymphadenopathy, and thrombocytope- 
nia. Soon after admission he had two generalized tonic-clonic 
seizures. Examination showed oral candidiasis, and mild left 
hemiparesis with reduced pain sensation in the left leg. A CT scan 
showed multiple cortical cysts. He died of complications of 
thrombocytopenia. An autopsy was not performed. 


COMMENT 


It must be questioned whether HIV and NCC coinfection 
in four individuals represents a significant association of 
the two conditions. We studied individuals selected for 
HIV infection and neurologic disturbance. Finding NCC in 
this population could represent a chance association, 
especially if it were highly prevalent in this area. Although 
NCC prevalence is difficult to measure, current evidence 
suggests that it exists in Zimbabwe” but is not as preva- 
lent as in some developing countries (eg, 1% to 2% in 
Mexico).'' Computed tomographic scans in stroke patients 
would be expected to overestimate its prevalence because 
up to 12% of NCC patients present with sudden focal neu- 
rologic deficits,'* and NCC may cause cerebral infarction." 
In our center, CT scans of 100 consecutive inpatients with 
an initial clinical diagnosis of stroke showed NCC in only 
one.'* Before CT scans and sensitive serologic tests were 
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available, NCC was often diagnosed at craniotomy (eg, 
12.5% to 33% of operations for intracranial mass lesion in 
Mexico”). In a study of surgical procedures for intracranial 
mass lesions in Africans in Zimbabwe, only five (2%) of 252 
procedures yielded NCC."° Concurrent with our study, 51 
patients whose HIV serologic test result was negative or 
not known had neurologic consultation for what proved to 
be an intracranial mass lesion (excluding vascular disease 
and trauma). Only three of them had NCC (C.A.T., 1989, 
unpublished observations). The cause of intracranial mass 
lesions that are coincidentally associated with HIV infec- 
tion, if any were included in our study, should be compa- 
rable with seronegative individuals. Instead, four of the six 
individuals with intracranial mass lesions of uncertain re- 
lationship to HIV infection had NCC. This suggests a pos- 
sible association of the two conditions. To confirm this, it 
will be necessary to include surveillance for NCC in case- 
control or cohort studies of HIV infection in endemic areas. 

An association of HIV infection with NCC, if correct, 
could be explained by an effect of HIV on the host response 
to cysticercosis. Nonspecific host factors (“innate resis- 
tance”) and acquired immunity exert major effects on the 
outcome of primary infection in experimental models of 
cysticercosis and are susceptible to immunosuppression.'” 
In addition, there is a high degree of resistance to reinfec- 
tion in all species examined (mice, rabbits, sheep, cattle).'® 
Both cellular and humoral immune effector mechanisms 
participate in this response.'”'’ A major unresolved issue 
is the potential importance of immunity as a factor limit- 
ing the occurrence of cysticercosis in humans. Evidence for 
an immune response to early larval development in the 
brain comes from studies of the “encephalitic’” form of 
NCC.” In addition, sequential CT scans in individuals with 
early NCC lesions suggest that the host response may lead 
to early larval destruction.” If host immunity limits the 
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extent of primary infection or prevents reinfection in hu- 
man cysticercosis, as it does in experimental models, then 
immunodeficient states including HIV infection might in- 
crease the frequency or severity of NCC. This is supported 
by a recent autopsy survey of cysticercosis in Mexican 
children in whom seven of 18 patients with NCC had un- 
derlying immunosuppressive illness, including one child 
with leukemia and unusually widespread cysticercosis.” 

An association of NCC with HIV infection would have 
several implications. First, cysticercosis might be expected 
in other immunosuppressed patients. Previously de- 
scribed alterations in immune function in NCC patients 
may in some cases be a predisposition, rather than a con- 
sequence of NCC.” Second, the therapeutic response 
might differ in patients with HIV. Successful antihelmin- 
thic treatment with praziquantel may require drug effect 
and host immune response acting together.*’” Third, clin- 
ical manifestations and serologic response to NCC might 
differ in patients with HIV. In endemic areas, NCC should 
be considered as a potentially treatable cause of neurologic 
illness in persons with HIV infection. 

Klinker and coworkers” recently presented a 33-year- 
old patient with acquired immunodeficiency syndrome 
who developed subcutaneous cysticercosis due to Taenia 
crassiceps, an unusual pathogen in humans. 

This study was supported by the University of Zimbabwe Research 
Council, and the Kapnek Memorial Trust. Dr Thornton was the 
recipient of a Fulbright Lecturing Grant. 

Weare grateful to J. F. Williams, PhD, Robert Griggs, MD, and Karl 
Kieburtz, MD, for their helpful suggestions. 
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Sciatic Neuropathy Associated 
With Persistent Sciatic Artery 


Andrew P. Gasecki, MD; George C. Ebers, MD, FRCPC; 
A. Dale Vellet, MBBCh, FFRADD, FRCPC; Alastair Buchan, MD, FRCPC 


e Persistent sciatic artery is a congenital vascular anomaly 
of the arterial supply to the lower extremity. Thrombosis, 
distal embolization, aneurysmal dilatation, and rupture of 
this vessel with compression of the sciatic nerve have been 
recorded. Although rare in occurrence, complications of 
persistent sciatic artery should be included in the differen- 
tial diagnosis of sciatic neuropathy. We present a case of an 
acute sciatic neuropathy secondary to pseudoaneurysm 
formation of a persistent sciatic artery. We demonstrate the 
diagnostic usefulness of magnetic resonance imaging. 
(Arch Neurol. 1992;49:967-968) 


P ersistence of the embryologically primitive sciatic 
artery is a rare anomaly with about 70 reported cases 
in the surgical and anatomic literature. The incidence is 
estimated to be only 0.025% to 0.01%.'* Reported compli- 
cations of persistent sciatic artery (PSA) include aneurys- 
mal dilatation, limb ischemia, rupture, thrombosis, distal 
embolization, or sciatic nerve compression.” 


REPORT OF A CASE 


A 40-year-old right-handed white man was admitted to the 
neurology service with a foot drop. Ten years before this admis- 
sion, he had a venous ulcer posterior to the right medial malle- 
olus, and a palpable pulsatile mass extending from the buttock 
down the posterior aspect of the thigh was found. At that time a 
PSA was identified and the ulcer was attributed to associated 
varicosities. He was eventually treated with femoropopliteal by- 
pass followed by proximal and distal ligature of the sciatic artery. 

Six years later, after lifting a 30-kg object, he felt a sharp twinge 
in the right buttock and popliteal region and was readmitted. One 
or two days later, he became aware of a right foot drop and 
numbness along the outer aspect of the leg and the top of the foot. 
On examination, he was noted to have right lower extremity 
edema with numerous prominent varicosities. Pulses were 
present throughout and no masses were palpated from the but- 
tock down. No bruit was present. Motor strength was abnormal 
in the hamstring group (5—/5), tibialis anterior (4+ /5), and gas- 
trocnemius (4+/5). Both foot inversion (5-/5) and eversion 
(4+ /5) were weak. Iliopsoas and gluteus medius strength were 
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Fig 1.—Magnetic resonance imaging of thrombosed right sciatic artery 
in its pelvic course. T,-weighted (SE; TR, TE; 600, 20) axial image of ec- 
tatic sciatic artery demonstrates subacute thrombosis. The intraluminal 
thrombus is characterized by eccentric central deoxyhemoglobin (short 
arrow) surrounded by peripheral high-signal intensity methemoglobin 
(long arrow) within the ectatic artery (curved arrow). 


preserved. Sensory examination revealed decreased light touch 
and pinprick sensation over the lateral calf, dorsal aspect of the 
foot and lateral three toes, and the plantar surface. The right an- 
kle jerk was absent. The patient was unable to walk on his heel 
or toes on the right side. An electromyogram was consistent with 
a sciatic neuropathy distal to the innervation of gluteal muscles 
and proximal to the innervation of the hamstring muscle group. 
Although a Doppler study was inconclusive, a magnetic reso- 
nance imaging scan through the pelvis and proximal right thigh 
demonstrated evidence of a large ectatic PSA paralleling the sci- 
atic nerve throughout its course (Fig 1). The artery demonstrated 
evidence of thrombosis throughout, with a large pseudoaneu- 
rysm arising from a discrete defect in the anterolateral wall of the 
sciatic artery within the proximal thigh (Fig 2). An angiogram 
showed an occluded proximal end of the PSA (Fig 3). As the pa- 
tient showed spontaneous improvement in muscle strength, 
evacuation of the hematoma was deferred. 
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Fig 2.—Magnetic resonance imaging of pseudoaneurysm complicating 
sciatic artery. T;-weighted gradient-echo (SPGR; TR, TE, 22, 8) axial im- 
age through the middle of the thigh demonstrates a large thrombosed 
pseudoaneurysm (arrow) arising from the anterolateral aspect of the 
thrombosed sciatic artery (curved arrow). The defect in the arterial wall 
is evident (short arrow). There is a significant extrinsic mass effect on the 
adjacent sciatic nerve (long arrow). 


COMMENT 


Unexplained sciatic or buttock pain or a palpable “pul- 
sating” buttock mass should alert neurologists to the pos- 
sibility of the presence of PSA and its complications. Un- 
common, but pathognomonic, findings of an absent 
femoral pulse with strong popliteal and distal pulses 
should suggest PSA.’ This anomaly is almost always asso- 
ciated with limb atrophy or hypertrophy, leg varicosities, 
arteriovenous malformations, mullerian agenesis with a 
solitary kidney, and atherosclerosis.* 

Persistent sciatic artery is a continuation of the inter- 
nal iliac artery and remains a major lower limb arterial 
supply until the femoral artery (from the umbilical ar- 
tery) reaches the distal part of the sciatic artery at the 
knee level during the third month of embryologic de- 
velopment. Subsequently, the PSA normally regresses to 
form the proximal part of the inferior gluteal artery, a 
portion of the popliteal artery, and a peroneal artery as 
its remnants.‘ 

The most common complication of PSA is an aneurys- 
mal degeneration that has been attributed to atherosclero- 
sis, direct frequent trauma to the buttock, or even recurrent 
hip motion.** Thus, the vessel is particularly prone to rup- 
ture or thrombosis. The mechanism of injury with the 
pseudoaneurysm formation in our case is not entirely clear 
but a combination of factors described may play a role. 
Doppler ultrasound may be helpful in identification of the 
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Fig 3.—Pelvic arteriogram. Oblique digital subtraction pelvic arterio- 
gram demonstrates obstruction of the right persistent sciatic artery just 
distal to its origin (arrow). 


PSA or its complications.’ Magnetic resonance imaging, 
however, provides a clear-cut anatomic delineation of the 
abnormality, as well as supervening complications such as 
those mentioned in this case. 

The current treatment consists of the femoropopliteal 
graft and PSA ligation in a symptomatic patient. Aneurys- 
mectomy of PSA has been suggested, although not recom- 
mended, for aneurysms within the sciatic nerve sheath to 
avoid nerve injury.” Patients with PSA aneurysms may 
present with sciatica and even undergo disk surgery.” Disk 
disease was initially suspected in our patient particularly 
because of onset of pain after lifting. Therefore, awareness 
of the presence of this abnormality is important to neurol- 
ogists and should be included in the differential diagnosis 
of sciatic nerve syndromes. 
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BRIEF SUMMARY: Please see package insert for full prescribing information. 


CLINICAL PHARMACOLOGY: Se cle Tr Rt 
The mechanisms arta hA, tn selegiline's beneficial adjunctive action in the treatment of Parkinson's disease 
are not fully understood. Inhibition of monoamine oxidase, type B, activity is generally considered to be of primary 
importance; in addition, there is evidence that selegiline may act through other mechanisms to increase 
dopaminergic activity. 
INDICATIONS AND USAGE: vs} 
ELDEPRYL® (SELEGILINE HYDROCHLORIDE) is indicated as an adjunct in the Herp. lin of Parkinsonian 
patients being treated with levodopa/carbi who exhibit deterioration in the quality of their response to this 
therapy. There is no evidence from controlled studies that selegiline has any beneficial effect in the absence of 
concurrent levodopa therapy. pee’ Se Ri 

Evidence supporting this claim was obtained in randomized controlled clinical investigations that compared the 
effects of added selegiline or placebo in patients receiving levodopa/carbidopa. Selegiline was significantly 
superior to placebo on all three principal outcome measures employed: change from line in daily levodopa/ 
carbidopa dose, the amount of ‘off’ time, and patient self-rating of treatment success. Beneficial effects were also 
observed on other measures of treatment success (e.g., measures of reduced end of dose akinesia, decreased 
tremor and sialorrhea, improved speech and dressing ability and improved overall disability as assessed by 
walking and comparison to previous state). 


CONTRAINDICATIONS: 
ELDEPRYL® (SELEGILINE HYDROCHLORIDE) is contraindicated in patients with a known hypersensitivity to 


this drug. 
ELDEPRYL® (SELEGILINE HYDROCHLORIDE) is contraindicated for use with meperidine (DEMEROL and 
other trade names). This contraindication is often extended to other opioids (see Drug Interactions). 


WARNINGS: 
Selegiline should not be used at daily doses exceeding those recommended (10 Dey because of the 
risks associated with non-selective inhibition of MAO. (See CLINICAL PHARMACOLOGY. 
The selectivity of selegiline for MAO B may not be absolute even at the recommended ne dose of 10 mg 
a day and selectivity is further diminished with increasing daily doses. The precise dose at which selegiline 
becomes a non-selective inhibitor of all MAO is unknown, but may be in the range of 30 to 40 abe day. 
Definitive clinical data on the concomitant use of ELDEPRYL® ISELEGILINE HYDROCHLORIDE) and 
fluoxetine hydrochloride (PROZAC) is not available. Death has been reported to occur following the initiation of 
therapy with nonselective MAOI’s (NARDIL, PARNATE) shortly after discontinuation of fluoxetine. To date, this 
reaction has not been reported with ELDEPRYL® (SELEGILINE HYDROCHLORIDE), however, since the mech- 
anism of this reaction is not fully understood it seems prudent, in al, to avoid this combination. Because of 
the long half-lives of fluoxetine and its active metabolite, at least five weeks (approximately 5 half-lives) should 
elapse between discontinuation of fluoxetine and initiation of MAOI therapy. Based on experience with the 
combined use of MAOI's and tricyclic antidepressants, at least 14 days should elapse between discontinuation 
of an MAO! and initiation of treatment with fluoxetine. 


PRECAUTIONS: 

_ General: Some patients given selegiline may experience an exacerbation of levodopa associated side effects, 
esumably due to the increased amounts of dopamine reacting with super-sensitive post-synaptic receptors. 
hese effects may often be mitigated by reducing the dose of levodopa/carbidopa by approximately 10 to 30%. 

The decision to prescribe selegiline should take into consideration that the MAO system of enzymes is 
complex and incompletely understood and there is only a limited amount of carefully documented clinical ex- 
perience with selegiline. Consequently, the full spectrum of possible responses to selegiline may not have been 
observed in pre-marketing evaluation of the drug. It is advisable, therefore, to observe patients closely for atypical 
responses. 

Information for Patients: Patients should be advised of the possible need to reduce levodopa dosage after the 
initiation of ELDEPRYL® (SELEGILINE HYDROCHLORIDE) therapy. 

Patients (or their families if the patient is incompetent) should be advised not to exceed the daily recommended 
dose of 10 mg. The risk of ey hes es daily doses of selegiline should be explained, and a brief description of 
the ‘cheese reaction’ provided. While hypertensive reactions with selegiline have not been reported, documented 
experience is limited. Consequently, it may be useful to inform patients (or their families) about the signs and 
symptoms associated with MAO! induced hypertensive reactions. In particular, patients should be urged to report, 
immediately, any severe headache or other atypical or unusual symptoms not previously experienced. 
ae Tests: No specific laboratory tests are deemed essential for the management of patients on 
ELDEPRYL® (SELEGILINE HYDROCHLORIDE). Periodic routine evaluation of all patients, however, is 
appropriate. 

Drug Interactions: The occurrence of stupor, muscular rigidity, severe agitation, and elevated temperature has 

been reported in a man receiving selegiline and meperidine, as well as other medications. Symptoms resolved 

over days when the combination was discontinued. This case is typical of the interaction of meperidine and 

MAOIs. Other serious reactions {including severe agitation, hallucinations, and death) have been reported in 

pe receiving this combination. While it cannot be said definitively that all of these reactions were caused by 
is combination, they are all compatible with this well recognized interaction. No other interactions attributed to 

the combined use of selegiline and other drugs have been reported. However, because the database of 

documented clinical experience is limited, the level of reassurance provided by this lack of adverse reporting is 

uncertain. (See WARNINGS and PRECAUTIONS.) 

Carcinogenesis, Mutagenesis, and Impairment of Fertility: Studies have not been performed to date to 

evaluate the carcinogenic potential of selegiline hydrochloride. 

Pregnancy: Pregnancy Category C. Insufficient animal reproduction studies have been done with selegiline to 

conclude that selegiline poses no teratogenic risk. However, one rat study carried out at doses as much as 

180 fold the recommended human dose revealed no evidence of a teratogenic effect. It is not known whether 

selegiline can cause fetal harm when administered to a pregnant woman or can affect reproduction capacity. 

Selegiline should be given to a pregnant woman only if clearly needed. 

Nursing Mothers: It is not known whether selegiline hydrochloride is excreted in human milk. Because many 

drugs are excreted in human milk, consideration should be given to discontinuing the use of all but absolutely 

essential drug treatments in nursing women. 

Pediatric Use: The effects of selegiline hydrochloride in children have not been evaluated. 


ADVERSE REACTIONS: 

Introduction: The number of patients who received selegiline in prospectively monitored pre-marketing studies 
is limited. While other sources of information about the use of selegiline are available (e.g. literature reports, 
foreign post-marketing reports, etc.) they do not provide the kind of information necessary to estimate the 
incidence of adverse events. Thus, overall incidence figures for adverse reactions associated with the use of 
selegiline cannot be provided. Many of the adverse reactions seen have been also reported as symptoms of 


mine excess. 
ig S the importance and severity of various reactions reported often cannot be ascertained. One index of 
relative importance, however, is whether or not a reaction caused treatment discontinuation. in prospective pre- 
marketing studies, the following events led, in decreasing order of frequency, to discontinuation of treatment with 
selegiline: nausea, hallucinations, confusion, depression, loss of balance, insomnia, orthostatic hypotension, 
increased akinetic involuntary movements, agitation, arrhythmia, bradykinesia, chorea, delusions, hypertension, 
new or increased angina pectoris and sompe Events reported only once as a cause of discontinuation are 
ankle edema, anxiety, burning lips/ , constipation, drowsiness/lethargy, dystonia, excess perspiration, in- 
creased freezing, gastrointestinal bleeding, hair loss, increased tremor, nervousness, weakness and weight loss. 

Experience with ELDEPRYL® (SELEGILINE HYDROCHLORIDE) obtained in parallel, placebo controlled, 
randomized studies provides only a limited basis for estimates of adverse reaction rates. The following reactions 
that occurred with greater frequency a the 49 patients assigned to selegiline as compared to the 50 patients 
assigned to placebo in the only parallel, placebo controlled trial performed in patients with Parkinson's disease 
are Shown in the following Table. None of these adverse reactions led to a discontinuation of treatment. 

in all prospectively monitored clinical investigations, enrolling approximately 920 patients, the following adverse 
events, classified by body system, were reported. 

CENTRAL NERVOUS SYSTEM: 

Motor/ Coordination’ Extrapyramidal: increased tremor, chorea, loss of balance, restlessness, blephorospasm, 
increased bradykinesia, facial grimace, falling down, heavy leg, muscle twitch’, myoclonic jerks’, stiff neck, 
tardive dyskinesia, dystonic symptoms, dyskinesia, involuntary movements, freezing, festination, increased 
apraxia, muscle cramps. 


Mental Status/Behavioral/ Psychiatric: hallucinations, dizziness, confusion, anxiety, depression, drowsiness, 
behavior/mood change, dreams/ nightmares, tiredness, delusions, disorientation, lightheadedness, impaired 
memory’, increased energy’, transient high’, hollow feeling, lethargy/ malaise, ea y, overstimulation, vertigo, 
personality change, sleep disturbance, restlessness, weakness, transient irritability. 

Pain/Altered Sensation: headache, back pain, leg pain, tinnitus, migraine, supraorbital pain, throat burning, 
generalized ache, chills, numbness of toes/fingers, taste disturbance. 

AUTONOMIC NERVOUS SYSTEM: Dry mouth, blurred vision, sexual dysfunction. 

CARDIOVASCULAR: Orthostatic hypotension, Lenk pis arrhythmia, palpitations, new or increased 

angina pectoris, hypotension, tachycardia, peripheral edema, sinus bradycardia, syncope. 

GASTROINTESTINAL: Nausea/ vomiting, constipation, weight loss, anorexia, poor appetite, dysphagia, 

eck heartburn, rectal bleeding, bruxism’, gastrointestinal bleeding (exacerbation of preexisting ulcer 
isease). 

GENITOURINARY/GYNECOLOGIC/ENDOCRINE: Slow urination, transient anorgasmia’, nocturia, 

prostatic hypertrophy, urinary hesitancy, urinary retention, decreased penile sensation’, urinary frequency. 

SKIN AND APPENDAGES: Increased sweating, diaphoresis, facial hair, hair loss, hemotoma, rash, 

photosensitivity. 

MISCELLANEOUS: Asthma, diplopia, shortness of breath, speech affected. 

POSTMARKETING REPORTS: The following experiences were described in spontaneous postmarketing 

reports. These on do not provide sufficient information to establish a clear causal relationship with the 

use of ELDEPRYL® (SELEGILINE HYDROCHLORIDE). 

CNS: Seizure in dialyzed chronic renal failure patient on concomitant medications. 

“indicates events reported only at doses greater than 10 mg/day. 


Incidence of Treatment-Emergent Adverse Experiences in 
the Placebo-Controlled Clinical Trial 








Adverse Event Number of Patients Reporting Events 
selegiline hydrochloride placebo 
N= 49 N=50 
Nausea 10 3 
Dizziness/ Lightheaded/Fainting 7 1 
Abdominal Pain 4 2 
Confusion 3 0 
Hallucinations 3 1 
mouth 3 1 
Vivid Dreams 2 0 
Dyskinesias 2 5 
Headache 2 1 
The following events were reported once in either or both groups: 
Ache, generalized 1 0 
Anxiety/Tension 1 1 
Anemia 0 1 
Diarrhea 1 0 
Hair Loss 0 1 
Insomnia 1 1 
Lethargy 1 0 
Leg pain 1 0 
Low back pain 1 0 
Malaise 0 1 
Palpitations 1 0 
Urinary Retention 1 0 
Weight Loss 1 0 
OVERDOSAGE: 


iline: No specific information is available about clinically significant overdoses with ELDEPRYL® 
(SELEGILINE HYDROCHLORIDE). However, experience gained during selegiline’s development reveals 
that some individuals exposed to doses of 600 mg d,! selegiline suffered severe hypotension and psychomotor 
agitation. 

Since the selective inhibition of MAO B by selegiline hydrochloride is achieved only at doses in the range 
recommended for the treatment of Parkinson's disease (e.g., 10 mg/day), overdoses are likely to cause 
significant inhibition of both MAO A and MAO B. Consequently, the signs and symptoms of overdose may 
resemble those observed with marketed non-selective MAO inhibitors [e.g., tranylcypromine (PARNATE), 
isocarboxazide (MARPLAN), and phenelzine (NARDIL)]. 

Overdose with Non-Selective MAO Inhibition: NOTE: This section is provided for reference; it does not de- 
scribe events that have actually been observed with selegiline in overdose. 

Characteristically, signs and symptoms of non-selective MAOI overdose may not appear immediately. Delays 
of up to 12 hours between ingestion of drug and the appearance of signs may occur. Importantly, the peak 
intensity of the syndrome may not be reached for upwards of a day following the overdose. Death has been 
reported following per Therefore, immediate hospitalization, with continuous patient observation and 
monitoring cr a period of at least two days following the ingestion of such drugs in overdose is strongly 
recommended. 

The clinical picture of MAOI overdose varies considerably; its severity may be a function of the amount of 
drug consumed. The central nervous and cardiovascular systems are prominently involved. 

Signs and symptoms of overdosage may include, alone or in combination, any of the following: drowsiness, 
dizziness, faintness, irritability, hyperactivity, agitation, severe headache, hallucinations, trismus, opisthotonus, 
convulsions, and coma; rapid and irregular pulse, hypertension, hypotension and vascular collapse; precordial 
pain, respiratory depression and failure, hyperpyrexia, diaphoresis, and cool, clammy skin. 


Treatment Suggestions for Overdose 
NOTE: Because there is no recorded experience with iline overdose, the following suggestions 
i may be modeled by non-selective MAO! 
i treatment of overdose can often be obtained 
a certified Regional Poison Control Center. Telephone numbers of certified Poison Control Centers 
are listed in the Ph deeper Seg 
Treatment of over with non-selective MAOIs is symptomatic and supportive. Induction of emesis or gastric 
lavage with instillation of charcoal slurry may be helpful in early poisoning, provided the airway has been pro- 
tected against aspiration. Signs and symptoms of central nervous system stimulation, including convulsions, 
should be treated with diazepam, given slowly intravenously. Phenothiazine derivatives and central nervous 
system stimulants should be avoided . Hypotension and vascular collapse should be treated with intravenous 
fluids and, if necessary, blood pressure titration with an intravenous infusion of a dilute pressor agent. It should 
be noted that ey agents may produce a markedly increased pressor response. 
Respiration should be s ed by appropriate measures, including management of the airway, use of supple- 
mental oxygen, and mechanical ventilatory assistance, as required. 
Body temperature should be monitored closely. Intensive management of hyperpyrexia may be required. 
Maintenance of fluid and electrolyte balance is essential. 


DOSAGE AND ADMINISTRATION: 
ELDEPRYL® (SELEGILINE HYDROCHLORIDE) is intended for administration to Parkinsonian patients receiving 
pit ag harps therapy who demonstrate a deteriorating te ae to this treatment. The recommended 
regimen for the administration of ELDEPRYL® (SELEGILINE HYDROCHLORIDE) is 10 mg per day administered 
as divided doses of 5 mg each taken at breakfast and lunch. There is no evidence that additional benefit will be 
obtained from the administration of higher doses. Moreover, higher doses should ordinarily be avoided because 
of the increased risk of side effects. 

After two to three days of selegiline treatment, an attempt may be made to reduce the dose of levodopa/ 
carbidopa. A reduction of 10 to 30% was achieved with the typical participant in the domestic placebo controlled 
trials who was assigned to selegiline treatment. Further reductions of levodopa/carbidopa may be possible 


during continued selegiline therapy. [Literature issued December, 1991 011-25-P-105] 


Marketed by: Distributed by: 
A SANDOZ © Somerset 
SANDOZ PHARMACEUTICALS PHARMACEUTICALS. INC 


CORPORATION 
EAST HANOVER, MEW JERSEY OPP 16 


ELD-0492-02 


. 


Observation 


Progressive Amusia and Aprosody 


Christian Confavreux, MD; Bernard Croisile, MD; Paul Garassus, MD; Gilbert Aimard, MD; Marc Trillet, MD 


e We report a case of slowly progressive amusia and 
aprosody in association with orofacial and eyelid apraxias. 
The patient was independent in daily living activities. 
Insight, judgment, and behavior were intact. Her language 
was normal, and she demonstrated no limb, dressing, or 
constructional apraxia. She had no prosopagnosia, no visuo- 
spatial disturbances, and no memory impairment. Imaging 
studies (computed tomography, magnetic resonance imag- 
ing, single photon emission computed tomography) indi- 
cated a selective disorder of the right frontal and temporal 
regions. Review of the literature shows an increasing num- 
ber of reports of this degenerative syndrome affecting the 
left dominant hemisphere and language areas, whereas 
cases of the syndrome affecting the right hemisphere are 
rare. To our knowledge, this is the first case in which apros- 
ody and amusia were associated with a focal cortical 
degeneration. 
(Arch Neurol. 1992;49:971-976) 


Mee described a syndrome of slowly progressive 
primary aphasia (PPA), with six patients free of 
other cognitive disorders for some years. In only two of his 
patients did the aphasia evolve over many years without 
generalized dementia. Since then, many cases have been 
reported in the literature,” and previous reports for this 
syndrome have been emphasized.” Language evalua- 
tions and brain imaging have demonstrated that these fo- 
cal progressive syndromes predominantly affect the left 
temporal lobe. There are, however, some reports of pro- 
gressive impairment of other cognitive abilities in the left 
cerebral hemisphere.*”*! Otherwise, the clinical syndrome 
of posterior cortical dementia, which was initially de- 
scribed by Rosenfeld” in 1909, has been emphasized. It is 
secondary to bilateral atrophy of the parieto-occipital 
cortex. To date, few selective neuropsychological defi- 
cits have been associated with focal degenerations in the 
right cerebral hemisphere.*”° 
The following case report describes a patient with a 
9-year history of progressive amusia and aprosody, in 
whom other cognitive skills were preserved for many 
years. Right-sided temporoinsular atrophy was docu- 
mented with computed tomography (CT) and magnetic 
resonance imaging (MRI), and right-sided frontotemporal 
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hypoperfusion with regional cerebral blood flow (rCBF) 
studies and single photon emission CT (SPECT). This is, to 
our knowledge, the first report of amusia and aprosody 
associated with a focal cortical atrophy. 


REPORT OF A CASE 


A 63-year-old right-handed woman, a good singer in a chorus, 
presented to the hospital in 1983, complaining that she could not 
sing for the last 2 years. Furthermore, she was unable to tell fairy 
tales to her grandchildren, as she could not convey intonation and 
emotion. She had had progressive speech difficulties. Physical 
examination revealed a low voice, devoid of intonation. Indeed, 
singing was impossible, and she could not insert emotions in her 
speech. Her oral language was normal, in production and com- 
prehension of propositional language, naming, repetition of 
words and sentences, and automatic series. Reading aloud, writ- 
ten comprehension, and writing were normal. Calculation was 
normal. She did not complain about her memory, and clinical ex- 
amination of learning and recall abilities showed no abnormali- 
ties. Neurological examination showed no disturbances in motor, 
sensory, or cranial nerve functions. There was no dysphagia. 
Computed tomographic scanning revealed a right-sided peri- 
sylvian atrophy. 

The patient was admitted to our department in August 1986. 
Her oral speech was slow, with pauses and total lack of melody. 


There were no word-finding difficulties on confrontation tasks. — 


Propositional language was normal. She had an orofacial apraxia 
and an apraxia of eyelid closure: she could not voluntarily close 
her eyes. Otherwise, no limb, dressing, or constructional apraxia 
was present. Cerebrospinal fluid findings, electroencephalogra- 
phy, and biochemical test results were normal. 

She was admitted again in January 1988, because of worsening 
symptoms. She continued to care for herself adequately. Neuro- 
logical examination disclosed a mild left-sided facial weakness, a 
left-sided Babinski’s sign, and axial primitive reflexes. No motor 
deficit was otherwise observed. Orientation and vigilance were 
normal, but her attention could not be maintained for a long time. 
Her speech was slow and effortful, with no spontaneity and many 
pauses. Melody, accent, and intonation were absent. Spontaneous 
oral language showed no lexicosemantic or syntactic impairment. 
However, some phonemic paraphasias were occasionally ob- 
served. Naming on confrontation was normal, and automatic se- 
ries were correctly performed. Oral and written comprehension 
were normal. Writing and calculation were normal. She had a fair 
knowledge of current events, and memory for biographical events 
was intact. In addition to the orofacial and eyelid apraxias, an oc- 
ulomotor apraxia was present. Synkinetic movements occurred 
between horizontal or vertical gaze and mouth opening. She 
could not blow out on command, whereas she could blow out a 
candle. No limb or constructional apraxia was present. She had 
no difficulties in identifying famous and familiar faces. She reg- 
ularly played Scrabble with high results. 
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The patient was evaluated for her linguistic and emotional 
prosody in a bedside examination, following Ross’s criteria.™ 
Spontaneous prosody was assessed through conversation and 
repetition. Her spontaneous speech was monotone, without lin- 
guistic prosodic cues, interrogative, exclamative, or declarative. 
No accent or intonation could be produced or repeated. Similarly, 
no affective prosody was expressed. In poetry declination, she 
exhibited an aprosodic voice, with only a slight pause at the end 
of each verse. Emotional gestures and facial expressions were ab- 
sent, either spontaneously or when tested for. Nevertheless, she 
could feel emotions perfectly and comprehend facial emotional 
expressions in other people. Prosodic comprehension was im- 
paired. She was presented with sentences in different tones of 
voice and asked to recognize the correct tone conveyed in the 
sentences. In the linguistic prosodic tasks, she could select the in- 
terrogative tone but not the imperative and exclamative ones. In 
the affective prosodic sentences, she only recognized anger, and 
she failed to recognize happiness and sadness. Then she was 
asked to recognize evident French regional accents used in a sen- 
tence by the examiner: she failed for two of three accents. She was 
unaware of her prosodic difficulties. She was not depressed at any 
moment, and during examination, no depressive syndrome was 
observed according to diagnostic criteria of the Diagnostic and 
Statistical Manual of Mental Disorders, Revised Third Edition. 5 

Although not a professional musician, she had formerly sung 
in a chorus and played piano. Her husband was an organist, and 
she regularly listened to classical music. She demonstrated a se- 
vere expressive amusia. She could not sing single notes, whereas 
she could recognize if a note was low or high. She had lost the ca- 
pacity to sing well-known melodies (“Au Clair de la Lune,” “La 
Marseillaise”): she only produced the sentences, with unmodu- 
lated and monotonous voice, without the musical structure or the 
rhythm. She was unable to identify and to recognize well-known 
melodies hummed to her by the examiner. She failed to reproduce 
or discriminate between even simple rhythms. She could correctly 
name written notes and write notes named by the examiner. She 
was fully aware of her amusia. 

On the Wechsler Adult Intelligence Scale, she obtained a glo- 
bal score of 112, with a verbal IQ of 104 and a performance IQ of 
121. Visuoconstructive abilities were slightly impaired. She ob- 
tained a score of 101 on the Wechsler Memory Quotient. She was 
slow with the Trail Making A (97 seconds). 

Magnetic resonance imaging showed a right-sided perisylvian 
and insular atrophy (Fig 1). Quantitative assessment of rCBF was 
done using xenon 133 inhalation technique, and measurements 
were performed with a double-headed gammagraphic camera 
(Rota camera, Siemens-France, Saint-Denis) equipped with low- 
resolution and high-efficiency collimators. The rCBF values were 
measured over a period of 2 minutes after inhalation of 75 MBq/L 
of ‘Xe for 1.5 minutes in a closed circuit. At the opening of the 
circuit, the cerebral curves were analyzed by the initial slope in- 
dex method.” For each hemisphere, mean CBF values and rCBF 
values were analyzed in different areas. The left hemispheric 
value was 38.3 mL-min '-100 g`', and the right hemispheric value 
was 34.8 mL-min '-100 g`! (—9.14%). The rCBF values were lower 
in the right anterotemporal area (26.0 vs 40.2 mL-min!-100 g`! in 
the left hemisphere; —35%) and in the right anterosuperior fron- 
tal area (25.3 mL-min '-100 g`’) (Fig 2). There was also a decreased 
value of rCBF in the left anterosuperior frontal area (27.0 
mL-min™'-100 g™'). Single photon emission computed tomo- 
graphic scans of cerebral uptake of technetium Tc 99m hexame- 
thyl propylene amine oxime were performed with a tomograph 
using a high-resolution collimator (Rota camera, Micro Delta cal- 
culator, Siemens-France, Saint-Denis). A dose of 555 mBq was 
administered; the tomographic study was performed 10 minutes 
after intravenous injection, and eight horizontal slices were 
obtained, every 12.5 mm. The reconstruction procedure is the 
classic filtered back-projection method with a Butterworth filter 
on 64X64 matrix. The SPECT showed a decreased tracer uptake 
in the right anterotemporal lobe (Fig 3). 

In April 1989, the patient presented with a severe speech pro- 
duction deficit, whereas she had no behavioral change. She was 
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Fig 1.—Top, Right hemisphere, and bottom, left hemisphere, T,- 
weighted magnetic resonance images (repetition time, 500 milliseconds; 
echo time, 21 milliseconds) in the sagittal plane. The images reveal a 
marked right-sided temporoinsular atrophy (April 1988). 


fully oriented and appropriately concerned about her situation. 
Oral comprehension and writing were normal. Magnetic reso- 
nance imaging showed a bilateral frontotemporal atrophy, which 
was more prominent in the right hemisphere (Fig 4). 

In January 1990, she had verbal aspontaneity, as she was slow 
to initiate her sentences, and her speech was severely limited, with 
frequent hesitations. Grammatical form was, however, preserved. 
Auditory comprehension was affected. By now, she was impaired 
in daily activities. She died in February 1990. No postmortem 
neuropathological examination could be performed. 


COMMENT 


Our patient, who was a singer in a chorus, initially was 
unable to sing. She then had a more complex amusia, 
which could be analyzed through Henson’s criteria. She 
was impaired in nearly all right-hemisphere musical apti- 
tudes. Effectively, she had an oral or expressive amusia, as 
she had completely lost the capacity to sing or hum a tune, 
even the most famous or familiar ones. In the absence of 
aphasia and perceptual defect, this deficit, isolated or 
prominent, is usually associated with lesions in the right 
anterotemporal” or right frontal® lobes. Our patient's fail- 
ure to identify common melodies by name occurred in the 
absence of amnesia and aphasia and, therefore, was con- 
sistent with a musical amnesia.” However, many of the 
melodies were not even recognized, suggesting some kind 
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Fig 2.—Results of regional cerebral blood flow analysis (xenon 133 in- 
halation): top, right hemisphere, bottom, left hemisphere. The images 
show a reduced flow in the right anterofrontal and anterotemporal lobes. 


of auditory agnosia, without word deafness. Last, she had 
disorders of the sense of rhythm, as she failed to discrim- 
inate or to reproduce rhythmic patterns. These deficits are 
usually observed in combination with other musical im- 
pairments. By contrast, she had no receptive amusia in note 
discrimination, musical alexia, or musical agraphia, which 
are disorders commonly associated with dominant- 
hemispheric lesions.**”' 

The production of affective prosody is the emotive use 
of tone of voice that, through voice modulation, allows one 
to convey emotional states (sadness, happiness, anger). 
Similarly, the comprehension of affective prosody is the 
identification of the emotional state from the tone of voice. 
Production and comprehension of affective prosody can be 
independently impaired.** Disorders of prosody ob- 
served in right-hemispheric strokes have suggested that 
the right hemisphere plays an important and predominant 
role in the expression and comprehension of affective 
prosody. The organization of affective language in the 
right hemisphere presumably mirrors that of propositional 
language in the left hemisphere.” Our patient had an 
emotional dysprosody, characterized by impairment of 
production and comprehension of affective tone of voice. 
There was also an absence of emotional gestures and facial 
expression. She also had a linguistic dysprosody. The 
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Fig 3.—Single photon emission computed tomographic scan with tech- 
netium Tc 99m hexamethyl propyleneamine oxime (horizontal slice, 
temporal level; right side is the left side of the patient’s image) showing 
decreased cerebral uptake, most marked in the right anterotemporal 
region. 


question regarding which hemisphere is specialized for 
linguistic aspects of prosody has not yet been resolved. 
Linguistic dysprosody is often associated with left- 
hemisphere lesions but has also been observed in right- 
hemisphere lesions.*°° 

In summary, our patient demonstrated a clinical dys- 
function of the prosodic and musical aptitudes of the an- 
terior right hemisphere. There were no findings of deficit 
in functions related to the posterior right hemisphere: no 
prosopagnosia, no limb, dressing, or constructional 
apraxia, no disorder of complex visuospatial abilities. 
Some symptoms of left-hemisphere disturbances appeared 
later in the course: orofacial apraxia and some phonemic 
paraphasias. Furthermore, she had a symptom that, to our 
knowledge, has never been reported: an apraxia of eyelid 
closure. After many years of progression, she had no deg- 
radation of behavioral, memory, or visuoconstructive 
functions. Neuropsychological testing repeatedly showed 
no evidence of more widespread deficits, which would 
have suggested a generalized dementia. It was only some 
months before her death that she demonstrated global 
cognitive impairment. The discrepancy between the clin- 
ical impairment of the right and left hemispheres was 
striking. Moreover, neuroradiological and hemodynamic 
investigations confirmed a predominantly right-sided 
temporofrontal dysfunction. The long progressive history 
of focal disorders, and the absence of infarction on CT or 
MRI, strongly suggest a degenerative cortical disease, dif- 
ferent from the usual clinical pattern of Alzheimer’s 
disease (AD). 

In many cases of AD, language disturbances or visuo- 
constructive disorders are the predominant presenting 
symptoms.” The main language disorders are character- 
istically anomic, transcortical sensory, and Wernicke’s 
aphasias. Nevertheless, formal neuropsychological testing 
always reveals a significant decline of other linguistic and 
cognitive performances. However, no marked pattern of 
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Fig 4.—T,-Weighted magnetic resonance images (repetition time, 500 
milliseconds; echo time, 21 milliseconds) in the horizontal plane (right 
and left are inverted). The images show a bilateral temporoinsular atro- 
phy, more pronounced in the right hemisphere (April 1989). 


aprosody or amusia is usually outlined in the gradual de- 
cline of patients with AD. 

In sharp contrast, the clinical syndrome of PPA corre- 
sponds to the gradual onset and worsening of language 
dysfunction in patients who have remained otherwise in- 
dependent in daily living for many years.” Memory and 
other cognitive functions are relatively preserved. Al- 
though anomia is the most prominent language disorder 
reported in PPA, many types of aphasia have been 
observed, and clinical heterogeneity is now fully recog- 
nized.*°°7°°= Computed tomography and MRI have 
revealed a left-sided perisylvian atrophy in many patients. 
Besides these focal degenerative aphasias, progressive im- 
pairment of other cognitive functions has been reported: 
Gerstmann’s syndrome,” angular gyrus syndrome,* vi- 
sual agnosia,””*' and limb apraxia.“ The syndrome of pos- 
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terior cortical dementia is dominated by bilateral neurobe- 
havioral impairments: patients suffer progressive alexia, 
visual agnosia, dressing and constructional apraxia, 
agraphia, acalculia, and Balint’s syndrome.** Brain im- 
aging shows that it is secondary to bilateral atrophy of the 
parieto-occipital cortex. Few selective neuropsychological 
deficits have been associated with focal degenerations in 
the right cerebral hemisphere. In some cases, clinical, an- 
atomical, and metabolic dysfunction of the right parietal 
lobe have been described: limb and constructional apraxia 
with pseudoathetosis,”’ limb apraxia," and even a slowly 
progressive left hemiparesis associated with aphasia and 
visuospatial deficits.” In one case of progressive dysfunc- 
tion of the right temporal lobe, the main symptom was of 
a progressive prosopagnosia over 12 years, with recent 
naming difficulties, whereas articulation, prosody, and in- 
tonation skills were preserved.” In the 100 cases of PPA in 
the literature, no isolated degenerative aprosody has been 
reported to date. When prosody is impaired in PPA, 
patients also have anarthria* or anomia, reduced phrase 
length, agrammatism, paraphasias, stereotypes, compre- 
hension deficits, and even right-sided neurological symp- 
toms.*° In the absence of more detailed information, we 
cannot know whether these aprosodies are solely of the 
linguistic type or also of the emotional type. 

Metabolic studies in PPA are well documented with im- 
aging of selective left perisylvian area dysfunction. Focal 
decreases of rCBF are usually present in the left temporal 
lobe.’ Positron emission tomography (PET) has dem- 
onstrated striking focal hypometabolism, restricted to the 
left perisylvian regions. 27293132 However, wider and bi- 
lateral hypoperfusion or hypometabolism have been re- 
vealed, contrasting with focal clinical features.” It is 
noteworthy that the cortical hypometabolism (1) is not al- 
ways matched with corresponding atrophy on the MRI,” 
or (2) can also be present in the contralateral and clinically 
preserved hemisphere.” In all cases of PPA, these pre- 
dominantly focal metabolic abnormalities are different 
from the biparietal hypometabolism usually found in 
AD.”” In the case of progressive prosopagnosia, the right 
temporal lobe hypometabolism revealed by the PET study 
was associated with a less severe hypometabolism of the 
left temporal lobe.” Posterior cortical dementia is associ- 
ated with bilateral asymmetric occipitotemporoparietal 
hypometabolism in PET studies.” Last, in three patients 
with progressive loss of speech output and orofacial 
apraxia, PET revealed bifrontal hypometabolism.* Our 
patient demonstrated a predominant right-sided temporal 
and frontal hypoperfusion. However, a left-sided anter- 
ofrontal hypoperfusion was also revealed and could ac- 
count for the orofacial apraxia and the linguistic aprosody 
that were also present. 

In the absence of neuropathological data, we could not 
predict the exact underlying cause in our patient. The data 
available in progressive focal syndromes are heteroge- 
neous and do not lead to a unifying pathological syn- 
drome. In some cases, histopathological characteristics of 
AD have been found at necropsy.?”°*"">? Other cases have 
had the features of Pick’s disease,41""*?8 focal spongi- 
form degeneration with astrocytic gliosis,'*!®*° focal neu- 
ronal achromasia,* Neumann’s gliosis and congophilic 
angiopathy,” even Creutzfeldt-Jakob disease.” It has not 
yet been resolved whether these focal progressive cogni- 
tive disorders are a unique disease entity’? or systemati- 
cally precede generalized dementia, as in our patient.*!"6*4 
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Nevertheless, it is difficult to assume that the variety of the 
clinical presentations could be the consequence of the 
neuropathological heterogeneity. It is more likely that the 
former is determined by the anatomical distribution. It has 
been suggested that the selective vulnerability of the left 
perisylvian area and the scant dysfunction of the right 
perisylvian area reflect the biochemical and histological 
differences between right and left temporal lobes.” We 
may also suggest that the language skills are more vulner- 
able than the processes of prosody. In our case, MRI and 
SPECT confirm the important role played by the right 
hemisphere in the neural processes governing prosodic 
and musical abilities of speech and language. Further, our 
case reflects once again the clinical variety of progressive 
cognitive disorders associated with focal cortical atrophy. 
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CORRECTION 


Errors in Values 


In the article entitled “Cerebral Metabolism and Depression in Patients 
With Complex Partial Seizures” that appeared in the June 1992 issue of the 
ARCHIVES, errors appeared in values given on pages 619 and 620. On page 
619, second column, line 2, a percentage is given as “two (12%) of 19”; it 
should have been given as “two (12%) of 17.” On page 620, first column, 
line 29, the n value for nondepressed patients is stated as 19; it should have 
been stated as 17. On page 620, in Fig 2, the n values were misstated. For 
control subjects, the value is stated as N=26; it should have been stated as 
n=26. For nondepressed patients, the value is given as N=6; it should have 
been given as n=17. For depressed patients, the value is given as N=17; it 


should have been given as n=6. 
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Observation 


Early Guillain-Barré Syndrome Without Inflammation 


Allan H. Ropper, MD, Lester Adelman, MD 


ve A patient with typical acute Guillain-Barré syndrome 
died 72 hours after his first symptoms occurred, and an au- 
topsy was performed 8 hours after his death. Extensive 
sampling of cranial and peripheral nerves, sensory ganglia, 
and autonomic nerves showed only minimal inflammatory 
lymphocytic and macrophage infiltrates. This case, one of 
the earliest studied extensively, represents an extreme ex- 
ample of a noninflammatory mechanism that has been pro- 
posed in some cases of Gullain-Barré syndrome. 
(Arch Neurol. 1992;49:979-981) 


A recent report of the pathologic findings in nine fatal 

cases of acute Guillain-Barré syndrome (GBS) pub- 
lished by Honavar et al' emphasized the variability of the 
inflammatory response in peripheral nerve. The authors 
suggested that there may be two mechanisms for myelin 
damage, one cell mediated and the other humoral. Their 
report attempts to reconcile two classic studies, one by 
Haymaker and Kernohan,? which showed minimal lym- 
phocytic response, usually late in the course of disease, and 
the other by Asbury et al, in which a prominent lympho- 
cytic inflitrate in nerve was present in almost all cases. All 
eight of the cases with adequate sampling described by 
Honavar and coworkers' had some inflammatory response 
in nerve, but in most cases there was a disparity between 
the degree of demyelination and lymphocytic infiltration. 
Other cases, particularly those reported by Feasby et al, 
have also had noninflammatory primary axonal patho- 
logic features, but have differed from typical GBS in that 
there was severe paralysis of rapid onset and inexcitable 
motor nerves. We report a case of GBS that was unusal be- 
- cause of the minimal amount of inflammation in exten- 
sively sampled peripheral nerves at autopsy and because 
of the brief interval, less than 72 hours, from the onset of 
typical GBS symptoms to death. 


REPORT OF A CASE 


A 61-year-old man underwent an unsuccessful percutaneous 
balloon angioplasty for unstable angina, followed by the admin- 
istration of intracoronary streptokinase and emergent coronary 
artery bypass grafting. He was discharged 13 days later, walking 
normally. Three days after discharge he had difficulty climbing 
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stairs in the afternoon, and that evening he experienced pares- 
thesias in his hands and feet. 

The day after the onset of the neurologic symptoms and 17 days 
after the coronary procedures, the patient could not stand unas- 
sisted but was able to raise his limbs off the bed. He had slight 
hand and foot weakness, areflexia, distal loss of vibration sense, 
and reduced joint position sense in his toes. His vital capacity was 
900 to 1000 mL and he was able to count to 10 in one breath. Spi- 
nal fluid protein concentration was 1.01 g/L, without cells. There 
was no diabetes or azotemia. 

On the evening of admission, the patient was treated with in- 
travenous y-globulin infusion (20 g) because of the cardiovascu- 
lar risk of plasma exchange. The following day he could not sus- ~ 
tain leg elevation, and his arms drifted down to the bed over 
several seconds. His vital capacity was 800 to 900 mL, and his 
respiratory rate was 14 breaths per minute. There was no facial 
or extraocular muscle weakness. A second y-globulin infusion 
was administered. The following morning the patient was weaker 
and complained of slight dyspnea. His vital capacity was 700 to 
750 mL, and his respiratory rate was 30 breaths per minute; he was 
intubated electively and ventilated at six breaths per minute. One 
hour later he indicated that he had chest pain. An electrocardio- 
gram demonstrated inferior wall myocardial infarction, and the 
patient had a cardiac arrest with asystole. An extensive attempt 
at resuscitation, including streptokinase injection and pacemaker | 
insertion, was unsuccessful. The patient died less than 72 hours 
after his first neurologic symptoms occurred. 


PATHOLOGIC FINDINGS 


The general autopsy, performed 8 hours after death, 
showed a recent myocardial infarction but patent coronary 
bypass grafts. No inflammatory lesions were found in the 
liver, kidney, or other viscera. There was no swelling of 
nerve at dural exits. 

Sections were taken from cranial nerves II, II, IV, V, VL, 
VII, VIII, X, and XII (bilaterally for IV, VI, and X); from an- 
terior and posterior roots with the adjacent cord and sen- 
sory ganglia at two levels of cervical, three levels of 
thoracic, and two levels of lumbar cord; a separate length 
of individual L-3 and L-4 roots; a cross section of the cauda 
equina at the level of the L-3 vertebral body; the brachial 
and lumbosacral plexus; the median, sciatic, femoral, per- 
oneal, tibial, and sural nerves; the sympathetic chain at 
midesophagus; and the phrenic nerve in its midportion 
and again closer to its diaphragmatic insertion (therefore 
sampling at eight root levels, nine peripheral nerves, four 
sensory ganglia, and the sympathetic chain). Paraffin- 
embedded nerves were stained with hematoxylin-eosin, 
Luxol fast blue, and Bodian. Sections of sciatic and tibial 
nerves were embedded in epoxy resin for semithin sections 
stained with toluidine blue and for ultrathin sections for 
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Fig 1.—Low-power photomicrograph of a section from the peroneal 
nerve demonstrating demyelination without adjacent inflammatory 
cells. Several nerves had some similar areas but most showed no abnor- 
mality with this stain (Luxol fast blue-hematoxylin-eosin, X 10). 
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Fig 3.—Low-power photomicrograph from L-3 root showing scattered 
lymphocytes staining with leukocyte common antigen. This was the 
most extensively infiltrated nerve sample found (leukocyte common 
antigen—toluidine blue, X 10). 


electron microscopy. Samples of cerebral cortex, midbrain, 
pons, medulla, and cord were stained with Luxol fast 
blue—hematoxylin-eosin. Selected sections of four nerves 
were stained for leukocyte common antigen. Teased fiber 
preparations were not done, and demyelination was esti- 
mated from Luxol fast blue-stained sections. 

All peripheral and cranial nerves except cranial nerve II 
showed moderate demyelination on light microscopic 
sections and semithin preparations (Figs 1 and 2). Several 
axons in each cross section showed varying degrees of 
myelin breakdown, including rare large and moderate-size 
axons without myelin at single levels. Inflammatory cells 
were difficult to appreciate on hematoxylin-eosin stains, 
but there were rare or occassional lymphocytes, some in 
clusters, demonstrated by leukocyte common antigen 
staining in three (femoral, peroneal and sciatic) of the 17 
peripheral nerves sampled and in most lumbar roots (Figs 
3 and 4). Other nerves and cervical and thoracic roots 
showed only several scattered lymphocytes, or none. A 
few of the clusters were perivascular; most were not. Sec- 
tions of sensory ganglia and central nervous system were 
normal. No axonal damage was found on Bodian stains. 
Electron microscopy showed macrophage infiltration ad- 
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Fig 2.—Semithin preparation of sciatic nerve showing several demyeli- 
nated and partly demyelinated axons (toluidine blue, x 400). 





Fig 4.—Higher-power view of sciatic nerve showing a cluster of 
perivascular small lymphocytes (leukocyte common antigen-toluidine 
blue, X40). 


jacent to fibers that had myelin damage (Fig 5), but there 
was no lymphocytic infiltration in these sections. 


COMMENT 


Several autopsy cases of acute GBS have shown a pau- 
city of lymphocytes, including most of those reported by 
Haymaker and Kernohan,’ those tabulated from the liter- 
ature by Honavar et al,' and one reported by Kanda et al,’ 
which was studied 8 days after the onset of illness. 
Honavar and colleagues’ earliest case was studied 10 days 
after the onset of symptoms, and the earliest cases of As- 
bury et al? were at 1, 3, and 4 days of illness, although the 
first had an uncertain time of onset following a respiratory 
arrest (in fact, there were no data given to date the first 
symptoms). In all these series, inflammation was generally 
more prominent in earlier rather than later cases. Extensive 
examination in our case revealed a few cells in approxi- 
mately one third of nerves, mostly in the lumbar roots. 

We present this case mainly because of the disparity be- 
tween minimal nerve inflammation and severe weakness, 
presumably from demyelination, early in the illness. 
Although there was extensive demyelination in some sec- 
tions, we could not determine if it was humorally induced 
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Fig 5.—Electron micrograph showing macrophage surrounding a par- 
tially demyelinated fiber in the tibial nerve. There were no lymphocytes 
in the vicinity (x 4100). 


or if it was the cause of weakness. Cumulative demyelina- 
tion over lengths of nerve was probably more impressive 
than could be appreciated on single sections. Alternatively, 
the direct effect of an electrophysiologic blocking factor 
may have contributed to weakness. The paucity of lym- 
phocytes after 3 days of illness contrasts with previous 
suggestions that there is an initial inflammatory lesion that 
causes secondary demyelination.°° The electron micro- 
scopic findings, however, were consistent with the typical 
macrophage-induced myelin destruction usually de- 
scribed in GBS.”* There was no macroscopic or microscopic 
evidence of nerve root swelling, as suggested by MacFar- 
land’ as an explanation for conduction block, but there are 
no standards by which to judge this. The pathologic find- 
ings in our case therefore represent an extreme example of 
noninflammatory GBS, confirming that demyelination 
may occur with little or no lymphocytic infiltration of 
nerve, even very early in the illness. 

Our patient's clinical features were typical of GBS, and, 
although an electrophysiologic examination was not per- 
formed, none of the clinical or pathologic features of the 
axonal variant that were observed by Feasby and col- 
leagues‘ were present. There was no obvious axonal 
change on light or electron microscopy in our patient, but 
had the illness progressed, and had the pathologic features 
remained noninflammatory, the case then would have 
been similar to reported cases of axonal GBS. 
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Steroid therapy and plasma exchange, which potentially 
complicated the interpretation of several cases in the liter- 
ature, were not used in our patient. The y-globulin 
infusion, given for 2 days before our patient died, was not 
likely to have lysed or diminished the number of intra- 
neural lymphocytes. Coronary bypass surgery” or, alter- 
natively, streptokinase may have been the immunologic 
trigger for acute GBS in our case.''’* To our knowledge, 
only one previous case of GBS has been associated with 
intracoronary use of thrombolytic agents. The noninflam- 
matory nature of the demyelination in our case raises the 
possibility that the immunologic response to drugs has 
more of a humoral component and that the response to in- 


fections preceding GBS is more of a T-cell inflammatory 


reaction. 
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Dissociation of Color From Object in Amnesia 


Armin Schnider, MD; Theodor Landis, MD; Marianne Regard, PhD; D. Frank Benson, MD 


e A patient with persistent amnesia after bilateral medial 
temporal and left inferotemporo-occipital infarction could 
not match colors to objects in verbal, visual, or visuoverbal 
tasks. A severe naming disorder for objects was present but 
the patient could name colors and point to colors whose 
name was given. The matching disorder appeared to be a 
deficit in the semantic classification of objects rather than 
a problem in identifying colors. 
(Arch Neurol. 1992;49:982-985) 


—. appear to follow anatomically distinct pathways 

in the visual system, as do form, movement, and 
depth,’ and color perception can be disturbed separately. 
A mass of terms has been used to identify variations in 
color identification. Central achromatopsia, the acquired loss 
of color perception with preserved form recognition, indi- 
cates a lesion of the lingual and fusiform gyrus of the oc- 
cipital lobe.” These patients, of course, cannot name col- 
ors. Color anomia has been used to designate an inability to 
name colors despite preserved color perception as evi- 
denced by correct color-color matching. The term is not 
precise, color anomia also includes an inability to point to 
named colors.*” Color anomia has also been termed color- 
name aphasia.’ Color agnosia, as used by most authors, de- 
scribes the inability of patients with preserved color per- 
ception to name the specific colors of objects on verbal 
request (eg, “what is the color of a tomato?”) or to color line 
drawings.*** Other authors have termed this disorder color 
amnesia and reserved the term color agnosia to describe an 
inability to select all colors of the same hue from a group 
of colors in patients who could still match colors and ob- 
jects." In this article, color agnosia will be used to desig- 
nate an inability to indicate the specific colors of objects 
despite preserved color perception. 

Initial studies of patients with color agnosia suggested 
an association with aphasia and alexia,!™!? an observation 
since corroborated.”'’'? The typical lesion involves the 
posterior part of the left hemisphere.” Disturbances in 
attributing colors to objects are rare in patients with right- 


Accepted for publication March 12, 1992. 


From the Department of Neurology, University Hospital, Zürich, 
Switzerland (Drs Schnider, Landis, and Regard), and Department of 
Neurology, UCLA School of Medicine, Los Angeles, Calif (Drs Schnider 
and Benson). 

Reprint requests to the Neurobehavior Program, UCLA Department of 
Neurology, 710 Westwood Plaza, Los Angeles, CA 90024-1769 (Dr 
Schnider). 


982 Arch Neurol—Vol 49, September 1992 


hemisphere lesions and are associated with color percep- 
tion deficits.’ 

Descriptions of patients with disturbances in attributing 
colors to objects routinely describe color anomia as well. 
We present a patient with a global amnesia due to bilateral 
medial temporal lobe and left-sided inferotemporo- 
occipital infarction who could not indicate the color of 
common objects nor appropriately color line drawings of 
objects despite preserved recognition and naming of 
colors. 


REPORT OF A CASE 


A 66-year-old man was admitted to hospital because of sudden 
disorientation. He was a heavy smoker and had been treated for 
hypertension for several years. He had suffered two myocardial 
infarctions and had undergone three aortocoronary bypasses 6 
years previously with good recovery. On the morning of admis- 
sion he was confused on awakening, could not orient himself in 
his bedroom, spoke incoherently, and complained of weakness of 
his right leg. 

On admission, his blood pressure was 160/90 mm Hg and the 
pulse was regular. There was a right homonymous upper 
quadrantanopia and a moderate right hemiparesis involving the 
arm and the leg that resolved within a few days. A computed to- 
mographic scan showed a questionable left posterior hypodensity 
involving the medial part of the occipital lobe. Doppler ultra- 
sound examination showed nonstenotic plaques in the carotid 
bifurcation on both sides, while the vertebral and basilar arteries 
were normal. An echocardiogram evidenced an anterior myocar- 
dial aneurysm with mural thrombi, which prompted oral antico- 
agulation therapy. Magnetic resonance imaging on the seventh 
day (Fig 1) showed bilateral medial temporal lobe infarcts. On the 
left side, the hippocampus, the parahippocampal, fusiform, and 
posterior inferior temporal gyri as well as the inferior aspect of the 
occipital lobe were involved. On the right side, a smaller infarct 
involved the body of the hippocampus and the anterior half of the 
parahippocampal and fusiform gyri. 

The patient remained severely disoriented in time and space, 
could give no account of his personal and medical history and re- 
peatedly asked the same questions about where he was and what 
had happened. The only people he recognized were his wife and 
his children. When he left his hospital bedroom for only a few 
seconds, he could not find his way back. He was friendly and co- 
operated fully in the examinations, but could not recall either the 
examiners or the events of previous examinations. 

Digit span was five forward and three backward for numbers 
and five forward and five backward for the Corsi cubes. His 
speech was fluent and correct without paraphasia. Repetition was 
normal. Auditory comprehension was good, even for syntacti- 
cally complex sentences. Long sentences could not be repeated 
and multistep commands executed to the extent the sentence 
could be repeated. Confrontation naming was severely impaired 
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Fig 1.—Magnetic resonance imaging of the brain. Top, Horizontal sec- 
tions (TR 2000, TE 100, gadolinium enhanced) showing infarcts of the 
hippocampal area bilaterally. The lesion on the left side is much larger 
and involves the inferior temporal and occipital lobe. The medial 
temporo-occipital junction is spared; bottom, sagittal sections (TR 600, 
TE 15) of the left hemisphere. The most medial section shows no 
involvement of the medial temporo-occipital junction. More laterally, 
the infarct involves the inferior posterior temporal and inferior occipital 
lobe (arrows). 


(see below). In a sentence completion task (eg, “a chair has four 
...”), however, correct object names were presented in 18 of 20 
cases. Reading was fluent without paralexia but comprehension 
was impaired as only the very last item was recalled. Writing was 
- correct with both the right and left hand. Oral calculations of 
two-digit numbers and written calculations of three-digit num- 
bers were done flawlessly. There was no ideomotor apraxia to 
verbal command. 

Both anterograde and retrograde amnesia were severe. In the 
auditory verbal learning test of Rey, he immediately recalled 
two, two, three, four, and four of the 15 words in five trials. He 
recalled none after 5 minutes and cuing was not helpful. Of 10 
drawings chosen from the figural learning test of Rey, he 
recalled only the last one on four trials and after 5 minutes, he re- 
called none. His recall of the correctly copied complex figure of 
Rey'® was zero. Retrograde amnesia was probed through an ex- 
tensive interview concerning autobiographic memory and 
knowledge about important events and famous people from all 
decades since his birth with the answers checked by his wife. He 
had some vague ideas of major events (eg, that “Chernobyl” was 
“a bad event”), but could not tell details or dates. The retrograde 
amnesia extended back to his childhood years and provided no 
clear time gradient except for the last premorbid year, for which 
even vague ideas were lacking. 

Naming to confrontation was strikingly deficient and indepen- 
dent of the modality of presentation. In the visual modality, only 
one (7%) of 15 line drawings of common objects could be named. 
In the tactile modality two (8%) of 25 common objects, in the au- 
ditory modality zero of nine environmental sounds, and in the 
olfactory modality two (17%) of 12 common smells could be 
named. Recognition was much better than naming as evidenced 
by correct designation of the use or characteristics of materials or 
by appropriate gestures indicating the use of objects, even though 
deficient for some materials (common objects, visual modality 
67% correct; real objects, tactile modality 100%; environmental 
sounds 40%; smells 92%). Color naming was largely spared (seven 
[70%] of 10) and color recognition was normal (100% of named 
colors recognized). Photographs of family members were cor- 
rectly named (eight [100%] of eight) but famous people (politi- 
cians and movie stars) could not be named at all (zero of six) and 
were only occasionally recognized (two [33%] of six). Finally, he 
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1 to 4 Weeks 


After 4 Months 


After 6 Months 


Giraffe 


Fig 2.—Examples of drawings on command, which the patient per- 
formed within the first 4 weeks after stroke, and after 3 and 6 months. 
The drawing of a flower improved and is recognizable after 6 months. 
Drawings of animals show only slight improvement with more details. 


correctly named places within his own home displayed on pho- 
tographs (seven [88%] of eight; 100% recognized), while he could 
rarely name and recognize photographs of famous Swiss sites 
(five [36%] of 14; 50% recognized when tested 3 months after 
stroke). 


Color Tests 


Color perception was preserved as evidenced by a normal per- 
formance on the 16 hue Farnsworth Color Perception Test” and 
mostly, colors could be named (70%). The patient had no difficul- 
ties pointing to the color whose name was given within an array 
of 10 color chips or to match color chips with each other. How- 
ever, when given the name of an object like fruit or animals with 
typical colors he named the wrong color in four (50%) of eight 
cases. For example, he indicated “brown” as the color of a banana 
or “red” as the color of the sky without clouds. His performance 
was equally deficient when he had to point to the chip with the 
color typical of an object whose name was given (three [43%] of 
seven correct). His performance was even worse when he was re- 
quested to color line drawings of common scenes or objects (one 
[14%] of seven correct), all of which he seemed to recognize rea- 
sonably precisely as estimated from his description of the mean- 
ing of the drawings. For example, he chose dark green as the color 
of a banana, brown for strawberries, and yellow for the sky. He 
had considerable difficulties producing line drawings of common 
objects; even though the object’s category was mostly recogniz- 
able, details were either lacking or wrong and the drawings were 
strongly simplified (Fig 2). For example, a dog was recognizable 
as an animal but lacked the legs. 


Course 


Over the following 6 months, the amnesia persisted and the 
patient remained entirely dependent on his wife. He did not re- 
member any event occurring after his stroke. The retrograde am- 
nesia remained practically complete. Naming improved slightly 
for several categories (common objects, visual 36%; real objects, 
tactile 29%, environmental sounds 54%, common smells 25%), 
and the pattern of better preserved naming of colors (100% by 3 
months, 71% at 6 months), familiar persons (100% as opposed to 
0% of famous people) and familiar places (88% as opposed to 36% 
of famous places) persisted. Visual recognition of common objects 
normalized (100% correct). The performance in color name—object 
name matching improved, so that he could indicate the color of 
common objects in eight (72%) of 11 cases. Drawings of common 
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objects were slightly better but still deficient. For example, he 
_ drew a clock correctly but put the numbers in the anticlockwise 
direction. 


COMMENT 


This patient with global amnesia following a bilateral 
medial temporal lobe and left-sided occipital infarct pre- 
sented with an unusual disorder of the handling of colors. 
Even though he perceived colors, could name them, and 
could point to colors named by the examiner, he failed to 
attribute colors to objects in verbal, nonverbal, and cross- 
modal tasks. He had a deficit in visual imagery. To our 
knowledge, only Engerth'® published a case with a some- 
what related dissociation of color and form of objects de- 
spite preserved color naming and recognition. This patient 
suffered from an amnestic aphasia and alexia due to a 
stroke. Even though he could name all colors, he did not 
spontaneously use the blue color when coloring line 
drawings or copying colored drawings after a delay. 
However, he would use the blue color when immediately 
copying drawings. This behavior might have been due to 
a color perception deficit, a partial central achromatopsia, 
as this tends to involve the blue and yellow axes while red 
is relatively spared.* In our patient, however, a primary 
defect of color perception was excluded on the basis of a 
normal performance in color matching and in the 16 hue 
Farnsworth Color Perception Test.’” 

Lewandowsky'"' attributed the dissociation of color and 
form to color anomia. In his opinion colors are meaningful 
only if associated with an object (“What should be the 
meaning of ‘red’ if I cannot recognize it as the color of a 
cherry or blood?”). In this sense a color-naming disorder 
readily explains a disturbance of attributing a color to an 
object. Lewandowsky’s opinion is shared by Damasio et 
al? who observed patients with color anomia making er- 
rors when coloring line drawings. They might first choose 
the correct color pencil, then aloud give it a wrong verbal 
label and on the basis of this error choose another color. 
Damasio et al consider color agnosia a consequence of 
color anomia. However, patients with color anomia can 
usually match colors to objects if the task is not cross- 
modal, ie, if it is verbal (answers to questions about the 
color of objects) or visual (coloring line drawings).*5 It 
seems that an additional factor is involved in color agno- 
sia. It has been considered a disorder of the concept of 
color-object association,”"’*? or a memory problem in 
which the patient has “forgotten” the color of objects,” or 
a true agnosia in which a patient can perceive colors but 
cannot appreciate the meaning of colors.'* Recent studies 
have indicated that color agnosia is not a precise disorder; 
patients with color agnosia may differ in performance de- 
pending on the imagery demands of the task, and it has 
been suggested that color agnosia can result from a 
disturbed access to the color lexicon or from an imagery 
disturbance.*!”” 

It is difficult to attribute our patient's inability to asso- 
ciate colors with objects to color “agnosia” as he named 
colors. His amnesia offers another explanation. In addition 
to the complete anterograde amnesia, the patient had a se- 
vere disturbance of the “semantic memory”” or “memory 
for facts,”** evident in the anomia, deficient visual imagery, 
and partial recognition defect. Even though not aphasic he 
had a severe anomia for materials presented in all modal- 
ities, and he often failed to recognize the material. In ad- 
dition, a visual imagery problem was evident in his line 
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drawings that were grossly simplified and lacked details. 
These defects suggest a disorder concerning the classifica- 
tion of objects. On the other hand, the naming and recog- 
nition of colors were exceptionally well preserved. We 
conjecture that our patient's inability to attribute colors to 
objects was a disorder of the identification and semantic 
classification of objects, not a disorder of color processing. 
This assumption is supported by the observation that the 
dissociation of colors and objects faded as the visual rec- 
ognition of objects normalized and visual imagery im- 
proved. 

What lesion might be responsible for this disorder? 
Color agnosia has not been reported as a feature of amne- 
sia due to pure medial temporal lobe lesions, eg, bilateral 
hippocampectomy.””° Thus, the bilateral medial temporal 
infarct of our patient, which accounts for the complete an- 
terograde amnesia, does not appear to explain the disor- 
der. Our patient also had a left-sided inferotemporo- 
occipital lesion. Cirillo et al,” on the basis of 
inferotemporal cooling experiments in animals, do not be- 
lieve that the inferotemporal cortex acts as a storage site for 
visual information. But animals with inferotemporal le- 
sions do have difficulty discriminating between visual 
stimuli, a problem that seems to be due to an inability to 
simplify the perception of a stimulus, ie, to categorize it, to 
such a degree that it can be precisely identified.** Such a 
disturbance could also account for our patient’s problem 
in associating colors to objects.**? We surmise that the left- 
sided inferotemporo-occipital extension of our patient’s 
infarct was responsible for his disorder in color-form asso- 
ciation. 

Finally, why did this patient not have color anomia or 
alexia? Patients with “Pötzl syndrome,” ie, alexia and color 
anomia, have lesions that prevent information transfer 
from the visual areas of both hemispheres to the language 
areas in the left hemisphere, specifically the angular 
gyrus.*°” The lesion in our patient did not extend dorsally 
to prevent information transfer to the angular gyrus nor 
involve the splenium. Mohr et al” presented a patient with 
color anomia without alexia whose lesion involved not 
only the parahippocampal and fusiform gyrus but also the 
left lingual gyrus in the mesial temporo-occipital junction. 
The area of the mesial temporo-occipital junction was 
spared in our patient. Preservation of mesial temporo- 
occipital cortex is consistent with our patient’s preserva- 
tion of color naming, a conclusion agreeing with Damasio 
and Damasio’s” suggestion that lesions causing color 
anomia involve the mesial occipitotemporal junction. 

In summary, a patient with a global amnesia due to bi- 
lateral medial temporal lobe and left-sided inferotemporo- 
occipital infarction could not associate colors with objects 
but could name colors. The disorder is interpreted as a 
deficit in the semantic classification of objects rather than 
colors. The responsible lesion seems to lie in the infer- 
otemporal cortex. 


This study was supported by a grant from the Swiss National Sci- 
ence Foundation to Dr Schnider. 
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bers, specific pages, and name of translator should be included when 
appropriate. The author is responsible for the accuracy and complete- 
ness of the references and for their correct text citation. 


SI Units.—Use Systéme International (SI) measurements throughout 
the manuscript. (See June 1986 issue of the ARCHIVES.) 


Illustrations.—The illustrations originally submitted will not be re- 
turned. High-quality copies may be used. Original illustrations should 
be kept by the author for submission if the manuscript is accepted. Use 
only those illustrations that clarify and augment the text. If accepted, 
submit illustrations in triplicate, unmounted and untrimmed. Do not 
send original artwork. Send high-contrast glossy prints (not photo- 
copies). Figure number, name of senior author, and arrow indicating 
“top” should be typed ona gummed label and affixed to the back of each 
illustration. All lettering must be legible after reduction to column size. 
Artwork submitted for publication may be relettered to achieve unifor- 
mity of lettering style throughout the journal. Magnification and stain 
should be provided when pertinent. Illustrations should preferably be 
in a proportion of 12.7 X 7.3 cm (5 X 7 in). 

Template lettering or preset type is preferred to hand-lettered labels. 
If halftone artwork with labels is submitted, affix type and leaders to 
a clear acetate overlay registered to the base drawing. Labels and lead- 
ers should be applied directly to the drawing board surface if the art- 
work consists only of line ink technique. 

Illustrations in full color are accepted for publication if the editors 
believe that color will add significantly to the published manuscript. 
The ARCHIVES will pay part of the expense of reproduction and print- 
ing color illustrations, the remainder to be borne by the author or his 
sponsor. After deducting the ARCHIVES’ contribution, the author's 
share is $400 for up to six square-finished illustrations that can be ar- 
ranged on a one-page layout. Any additional illustrations or special ef- 
fects will be billed to the author at cost. Positive color transparencies 
(35 mm preferred) must be submitted for an evaluation. Do not send 
color prints unless accompanied by original transparencies. All trans- 
parencies should be carefully packed and sent with the manuscript. 


Legends.—Legends should be typed double-spaced, beginning on a 
separate sheet of paper. Length should be limited to a maximum of 40 
words. 

Photographic Consents.—A letter of consent must accompany all 
photographs of patients in which a possibility of identification exists. 
It is not sufficient to cover the eyes to mask identity. 


Acknowledgments.—lIllustrations from other publications must be 
acknowledged. Include the following when applicable: author(s), title 
of article, title of journal or book, volume number, page(s), month, and 
year. The publisher’s permission to reprint should be submitted to the 
ARCHIVES after the manuscript has been formally accepted. 


Statistical Review.—Manuscripts containing statistical evaluations 
should include the name and affiliation of the statistical reviewer. 


Tables.—Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 X 27.9-cm (8% X 11-in) paper. Do 
not use larger size paper. If a table must be continued, use a second sheet 
and repeat all heads and stubs. Each table must have a title. 
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Classified Advertising 
All classified advertising orders, correspondence and payments should be directed to: Archives of Neurology, P.O. Box 1510, Clearwater, 
Florida 34617. Our telephone numbers are: 800-237-9851; 813-443-7666. Please do not send classified ads, payments or related 
correspondence to the AMA headquarters in Chicago. This causes needless delay. 
Inquiries about "BOX NUMBER" advertisements: All replies must be in writing and must cite the box number in the ad. Example: 


, C/o AON, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Neurology. 


Box 











CLASSIFIED 
INFORMATION 


Regular Classified 1 Time 3 times 

or more* 
Cost per word $1.05 $ .95 
Minimum ad: 20 words per issue 


*In order to earn the three-time rate, your ad must be placed 
| and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered one 
word, and figures consisting of a dollar sign and 
five numerals or less are considered one word. 
Cities and states consisting of two words or 
more are counted as one word: i.e., "New York" 
and "Salt Lake City". Zip code is considered one 
word and must appear in all ads. Telephone 
number with area code is considered one word. 
| When box numbers are used for replies, the 
words "Box c/o AON" are to be counted as 
three words. 





Classified Display 1 Time 3 times 

or more” 
Full page $557 $501 
Two-thirds page 476 428 
One-half page 421 379 
One-third page 334 301 
One-sixth page 223 201 
Column inch 65 55 


Minimum display ad: one column inch 
12-time and 24-time rates available on request. 


Display Production Charge: The publication will 
pub-set advertisements upon request. The 
typesetting fee is 10% of the one-time ad cost 
shown above. Special requests will be billed to 
the advertiser and/or agency at the then prevailing 
rates. 


Box Service 


Available for all ads. The cost is $20.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly mailed 
directly to you. 


Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled after 
the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


ARCHIVES 
Neurology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
800-237-9851 © 813-443-7666 





Professional Opportunities 


SEEKING BC/BE neurologist with interest in stroke, 
dementia, sleep or EEG to join two physician group 
practice located within one hour of the metropolitan 
Chicago area. Early partnership. Salary negotiable. 
Subspecialty training in EEG or sleep preferable. 
Please contact: Box #845, c/o AON. 


VIRGINIA — We are seeking a personable, clinically- 
oriented, BC/BE neurologist to join a group of four 
neurologists located in the Shenandoah Valley. 
Clinical experience in EMG, EEG, Doppler, CT and 
MRI desirable. 400-bed hospital with full neuro- 
diagnostic laboratory and CT/MRI imaging center. 
Send cover letter describing yourself and copy of 
your CV to: Winchester Neurological Consultants, 
125-A Medical Circle, Winchester, VA 22601. 
Attention: G. Steele. 





Neurologist 


Outstanding practice opportunity for 
board-certified/-eligible adult neurologist 
to join department of neurology and neu- 
rosurgery in large multi-specialty group in 
summer of 1993. State-of-the-art electrodi- 
agnostics, CT, MRI. Clinic is located in 
desirable coastal California community and 
is a regional referral center affiliated with 
major teaching hospital. Individuals with 
experience, board-certification/-eligibility in 
EEG and evoked potentials preferred. 
Send CV with reply to: 


Box #846, c/o AON 


PEDIATRIC NEUROLOGIST: BC/BE pediatric 
neurologist to join established, 120-physician multi- 
specialty clinic located in beautiful northwest 
Arkansas. Holt-Krock Clinic, the 28th largest free- 
standing clinic in the nation, serves a patient base of 
400,000 in Arkansas and Oklahoma. No other 
pediatric neurologist within 100-mile radius. We offer 
a guaranteed salary with full partnership in 2 to 21/2 
years, plus excellent fringe benefits. 680-bed hospital 
and new rehab hospital two blocks from main clinic. 
Must be willing to share call with adult neurologist, do 
testing consisting of EEG, EMG, evoked response, 
and cervical vascular ultrasound procedures. For 
details regarding this opportunity, send letter and CV 
to: Josephine Decker, Associate Administrator, Holt- 
Krock Clinic, 1500 Dodson Avenue, Fort Smith, AR 
72901. (501) 782-2071. 














PORT HURON, MICHIGAN — Orthopedic group 
seeks a board-eligible/board-certified neurologist to 
establish an independent practice. The community is 
located on the shores of Lake Huron and the St. Clair 
River within an hour commute to metropolitan Detroit 
and immediate access to Sarnia, Ontario. The city 
has a population of approximately 35,000 with a 
service area of 150,000. It is blessed with an 
excellent school system, has a strong industrial base 
and is family oriented. The position includes a 
competitive financial packagé. Send curriculum vitae 
to: Dennis L. Hoover, Port Huron Hospital, 1001 
Kearney Street, Port Huron, MI 48060. 


PEDIATRIC NEUROLOGIST wanted to join two BC 
adult neurologists in the Rocky Mountain region. The 
community is located on the western slope of 
Colorado. Excellent recreational opportunities are 
available. Salary negotiable. Send CV to: Dr. Neal 
Gilman, 2530 North 8th Street, #206, Grand Junction, 
CO 81501. Or call (303) 243-9180. 









Professional Opportunities 









Southcentral Pennsylvania 


Young board-certified neurologist seeks partner to join 
busy practice with three neurosurgeons. May assist 
with surgery if desired. Office located directly across 
from 217-bed progressive JCAHO hospital. Special 
interest in sleep disorders; sleep laboratory being 
developed. Family oriented community in country 
setting. Close to metropolitan areas - two hours to 
Baltimore or Washington; three hours to Philadelphia 
or Pittsburgh. Send CV to: Marie Dietrich, 


| 
| 
THE CHAMBERSBURG HosPITAL | 
| 

















112 North Seventh Street 
Chambersburg, PA 17201 


Telephone: (717) 267-7778 or (800) 758-8835 





CHARLOTTE, NORTH CAROLINA: Neurologist 
BC/BE with interest or experience in neurorehab- 
ilitation to join three person group emphasizing 
general neurology, general rehabilitation, and pain 
rehabilitation programs. Respond with CV to: 
Ronald C. Demas, MD, 2115 East 7th Street, 
Charlotte, NC 28204. Or call (704) 372-3714. 


EXCELLENT OPPORTUNITY for BC/BE neurol- 
ogist with strong clinical skills to join a rapidly 
expanding neurological group in the suburban 
Milwaukee area. Salary competitive. Expertise in 
sleep or EEG desired. Please contact: Box #844, 
c/o AON. 


New 
Hampshire 


Concord Hospital, a 295-bed acute care 
facility, located in the state capital of New 
Hampshire, is currently seeking a neurol- 
ogist to fill the growing needs of the 
residents of Concord and the Merrimack 
Valley. Become a third associate in a 
group offering many benefits including 
health, disability and malpractice 
insurance. 












Candidates must be board-certified/ 
board-eligible, and have strong clinical 
interests. Experience and interest in EMG 
and evoked potentials preferred. 







A designated Level II Trauma Center, 
over 174 physicians serve as members 
of the hospital's active medical staff. A 
full range of up-to-date neurodiagnostic 
equipment is available including MRI, CT 
scanners, as well as equipment for EMG, 
EP, EEG, and transcranial and carotid 
dopplers. Neuroradiologist and four 
neurosurgeons on staff. 











Geographically located at the center of 
the state and just one hour from Boston, 
Concord is easily accessible to a wide 
variety of recreational and cultural activi- 
ties. New Hampshire residents are not 
subject to a state income or sales tax. 


Interested candidates please send CV to: 










Jodie Cavanaugh, Coordinator 

Physician Services 

Concord Hospital 

250 Pleasant Street, Concord, NH 03301 





















_ Professional Opportunities 


CHARLOTTE, NORTH CAROLINA: High quality 
group of five neurologists all of whom are 
subspecialized, seeks to add another well-trained 
neurologist. Contact: Fred Pfeiffer, MD, 1900 
Randolph Road, Suite 1010, Charlotte, NC 28207. 
Or call: (704) 334-7311. 


Practice Opportunities 
Available: 





NORTH DAKOTA 


e Procedure oriented Neurologist 
e Cross coverage 

e Extremely high income potential 
è Involvement in Electro- 
diagnostic procedures & more 


NORTHERN NEW JERSEY 
Immediate position available for BE/BC 
adult neurologist to replace a retiring 
partner in well-established and busy three 
person neurology practice. Exceptional 
opportunity leading to partnership. 





PENNSYLVANIA 

e Family oriented community 
with recreational bonanza; 
skiing, sailing, fishing, hunting 

è Excellent hospital support 

e Cross coverage 


NEURO-SYSTEM 


Proficiency in EMG/EEG needed and 
experience in U/S preferred. Excellent 
supporting services available. Within easy 
reach of Manhattan and near good 
suburban living and schools. 


Please reply with CV to: 
Box #851, c/o AON 


NEUROLOGIST — Great opportunity for BC/BE 
neurologist to practice in beautiful community of 
60,000 in southern Virginia. The Memorial Hospital 
506-bed full service community hospital, is the sole 
provider of hospital services for Danville and the 
surrounding county. Enjoy both a busy practice in a 
cooperative medical environment and a wonderful life 
style for you and your family. Send CV to: Kris Zipin, 
Department AIM, The Memorial Hospital of Danville, 
142 South Main Street, Danville, VA 24541. (800) 
782-2750. 


For more information contact: 


lA 





























Lisa Spielberg 
Cejka & Company 

222 S. Central, Suite 700 
St. Louis, MO 63105 








AV 








1-800-765-3055 


PLEASE NOTE -— Address replies to box number 
ads as follows: Box number ______ , c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 


STROKE NEUROLOGIST 


The Ochsner Clinic in New Orleans is seeking a BE/BC neurologist 
with fellowship training in cerebral vascular disease. The candidate 
should have strong clinical skills in managing patients with 
cerbrovascular disease. 











The Ochsner Clinic is a large (250 
MDs) multi-specialty clinic with an 
adjoining 550-bed hospital. The 
neurology service is affiliated with 
the Tulane University Neurology 
Department and our staff have 
clinical appointments at Tulane 
University. The Neurology service 
has teaching responsibilities at the 
Ochsner Foundation Hospital for 
Tulane Neurology residents and 
medical students. 






At Ochsner there are also opportu- 
nities for individual and coopera- 
tive clinical research. 


Interested physicians should send 
a complete CV to: 






Dr. Richard Strub, Chairman 
Department of Neurology 
OCHSNER MEDICAL INSTITUTIONS 
1514 Jefferson Highway 

New Orleans, Louisiana 70121 







OdAMNer 


For more details, please call: 
(504) 838-3980 
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F HAWAII 


Excellent opportunity for BE/BC 
neurologist with experience in 
EEG, EMG, and EP to join well 
established multi-specialty 
group of 270 physicians. 
Modern and well-equipped 205- 
bed hospital with full diagnos- 
tic facilities, including MRI. 
Kaiser Permanente, Hawaii's 
oldest and largest HMO, offers 
competitive salaries and a com- 
prehensive benefit package 
which includes medical, dental, 
retirement, profit sharing, mov- 
ing allowance, and malpractice 
coverage. Live in paradise sur- 
rounded with spectacular 
beaches and an exceptional 
climate all year round. Enjoy an 
abundance of outdoor and 
water activities. 
























Please send CV to: 


Hawaii Permanente 
Medical Group Inc 
3288 Moanalua Road, 
Honolulu, HI 96819 


| An Equal Opportunity Employer. | 


NEUROLOGIST: Excellent opportunity for board- 
certified/board-eligible neurologists to join two 
existing neurologists in a stimulating, busy practice. 
Marquette General Hospital is a 397-bed regional 
referral center, with a comprehensive neurophsi- 
ology department and state-of-the-art technology 
that includes magnetic resonance imaging and CT 
scanning, and a hospital-based family practice 
residency. Medical students from Michigan State 
University's College of Human Medicine are regu- 
larly assigned to the hospital and offer an opportuni- 
ty for teaching. Marquette General Hospital and its 
medical staff are committed to building a center of 
excellence in the neurosciences and have the 
necessary financial resources. The development of 
these services will require the leadership and co- 
operation of physicians in the field of neurology, 
neurosurgery, psychiatry, physical medicine and 
rehabilitation. Salaried and private practice positions 
are available. If this special opportunity is of interest 
to you, please send CV to: Robert J. Raica, 
Marquette General Hospital, 420 West Magnetic 
Street, Marquette, MI 49855. 


REACH 16,931 
NEUROLOGISTS 


lf you are searching 
for a qualified specialist... 

















We Target 
The Physician You Want! 


The November issue of the Archives of 
Neurology closes September 25th. 


Call us today 
to reserve your space. 


800-237-9851 + 813-443-7666 
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Professional Opportunities 
SOUTHEAST - Two neurologists, BC/BE, to 
establish practice on hospital campus. Generous 
income guaranteed for two years. Large referral 
base, catchment area population of 350,000. All 
neuro-diagnostic modalities needed. Proficiency in 
EMG, EEG, CT, and MRI preferred. Inpatient and 
outpatient experience necessary. Metropolitan 
community offers many cultural, academic, and 
recreational activities. Yes, it's still possible to have 
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Professional Opportunities — 


NEUROLOGIST 


Offering exceptional opportunity for 
a BE/BC to develop and coordinate 
neurology services in market area 
of 90,000 plus. Strong demand for 
services by community physicians. 
Progressive hospital with excellent 


radiology and physical therapy 
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Department of Veterans Affairs 
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| the Veter +] h Adminis- / it all: a thriving practice in supportive medical 
i r | community, affordable lifestyle, mild climate, and 
| tration. É ‘i executive Atlanta is two hours away. Immediate openings. For 
| medicine p bbe tt iring a more information, call: Nancy Stallings, 
board certified neurologist with CompHealth, (800) 328-3044. 4021 South 700 
experience in T ne i a anage- East, Suite 300, Salt Lake City, UT 84107. 
ment and know edgeofresearch 
and medical e | related EXCELLENT OPPORTUNITY 


for BC/BE neurologist to practice at Allegheny General 
Hospital in Pittsburgh, Pennsylvania. Opening for July 
1993 for private practice with geographic full-time 
appointment to the Medical College of Pennsylvania. 
Teaching and research opportunities with fully accred- 


ited residency in Neurology. Subspecialty in movement 
disorders or neuro-oncology preferred but not required. 
Subspecialty certification in EMG/muscle disease is 
highly desirable. 


Inquire to Jon Brillman, MD or forward CVs to: 
409 Baumer Street, Pittsburgh, PA 15209. 





NEUROLOGIST — Board-eligible or board-certified, 
wanted to relocate to the fastest growing area in 
southwest Florida and one of the highest income 
areas in the U.S. We're looking for an energetic 
professional desiring to practice high quality medi- 
cine in a setting that will support your practice, as well 
as Offer the opportunity to work with over 100 highly 
trained referring professionals. For more information, 
write to: Box #843, c/o AON. 


Southern Coast 


of Maine 


Adult or child BC/BE neurologist to join 
solo neurologist in private practice. This 
rapidly growing practice is located in an 
outstanding area which hosts the 
summer “white house”. With communi- 
ty schools rated among the top school 
systems in the country, the area also has 
many outdoor recreational pursuits. 
Water sports (lake or ocean sailing, 
windsurfing, kayaking, canoeing, fish- 
ing, deep sea fishing, whale watching) 
and mountain hiking, biking, skiing and 
snowboarding are close by. Private 
residences are located in unspoiled 
developments or secluded areas along 
the unparalleled beauty of the Southern 
Maine Coast with its lighthouses, quaint 
fishing villages, and home to craftsmen 
and artists. Located 25 minutes from 
Portland, which has an international 
airport, symphony and other cultural 
opportunities and an hour and a quarter 
from Boston, this unique practice is 
supported by state-of-the-art electrodi- 
agnostic (EMG, Evoked Potential, EEG) 
and neuroradiologic equipment (CT, 
MRI, Doppler) with a large referral base. 
Salary and benefits with partnership 
option based on qualifications. Send CV 
and three references to: 
Mitchell K. Ross, MD 
Park 111 Professional Building 
407 Alfred Road 

Biddeford, ME 04005 








services including CT, EMG and EEG. 
True quality of life in midwestern 
community with immediate access to 
metropolitan area. 

Send CV to: 


Box #850, c/o AON 





FLORIDA-ORLANDO-DAYTONA AREA: BC/BE 
neurologist needed to join two progressive board- 
certified neurologists. The practice is growing and 
expanding. Excellent salary. Opportunities for 
personal growth and family enjoyment in a medium 
sized city with private highly rated four year college. 

Close to Orlando and Daytona. EEG, EMG/NCV/EP 
training and skill required. If you are seeking an 
academic approach to clinical neurology in a private 
practice setting, this is an excellent opportunity. 

Compensation commensurate with skill and 
motivation. Reply to: Box #852 c/o AON. 


NEW ORLEANS: Solo BC neurologist seeking 
energetic, conscientious and personable BE/BC 
neurologist who is willing to work hard. EEG, EMG, 
EP experience required. Ultrasound experience 
preferred. Generous salary, fringe benefits. 
Partnership available in two years. Reply with CV to: 
Janna Delaune, 120 Meadowcrest Street, Suite 410, 
Gretna, LA 70056. 





Excellent opportunity for board-certified/ 
board-eligible neurologist to join rapidly 
expanding practice of two neurologists in 
the Piedmont area of North Carolina. Full 


time position with partnership possibility 
after two years. Send CV to: 


Box #849 c/o AON 





Positions Available 


ADULT NEUROLOGIST — Three-person, successful 
neurology group in beautiful Pennsylvania suburban 
community seeks additional member for clinical 
practice with academic affiliation. Teaching and 
research opportunities exist, subspecialty interest 
and/or fellowship desirable. Reply to: Box #840, c/o 
AON. 


THE UNIVERSITY OF PENNSYLVANIA Depart- 
ment of Neurology has an opportunity at the 
assistant professor level for a BC/BE neurologist 
with specialty training to participate in our expanding 
Cognitive Neurology section. Active programs 
include multi-faceted investigations of cognitive 
deficits in Alzheimer's disease, Parkinson's disease, 
stroke and multiple sclerosis. Interested candidates 
should send CV to: Dr. Donald H. Silberberg, 
Department of Neurology, University of 
Pennsylvania Medical Center, 3400 Spruce Street, 
Philadelphia, PA 19104. The University of 
Pennsylvania is an affirmative action/equal 
opportunity employer. 








Faculty Positions 


THIRD PEDIATRIC NEUROLOGIST needed for 
busy practice, new pediatric neurology fellowship 
program. Seven neurologists in department, five 
basic neuroscientists. Opportunity for collaborative 
research. Subspecialty interests encouraged. 
Contact: Joseph B. Green, MD, Department of 
Neurology, Texas Tech University Health Sciences 
Center, Lubbock, TX 79430. 





= Faculty Positions 


pA RU a D ail A EL ee A 
MICHIGAN STATE UNIVERSITY Kalamazoo Cen- 
ter for Medical Studies (MSU/KCMS). The Pediatric 
Neurology Section of MSU/KCMS is seeking a 
second BC/BE pediatric neurologist. This faculty 
position is at the assistant professor level and has 
responsibilities for patient care and medical student/ 
resident teaching. Emphasis on clinical activities 
including electrodiagnostics and epilepsy/seizures. 
MSU/KCMS serves as the largest pediatric referral 
center in southwestern Michigan with 24 pediatric 
subspecialists. Contact: Richard Katnik, MD, PhD, 
Director, Section of Pediatric Neurology, Pediatric 
Faculty Office, Bronson Medical Center, 252 East 
Lovell Street, Kalamazoo, MI 49007. (616) 341-8277. 





LOYOLA UNIVERSITY CHICAGO Stritch School of 
Medicine seeks Director of Stroke Program. 
Resources include transcranial Doppler, modern 
neuro-imaging laboratory with SPECT, and 
molecular neuroscience laboratories. Loyola 
University is a large center for cardiovascular 
disorders with very active surgical and cardiology 
programs. Research collaborations possible with 
cardiology and cardiovascular surgery. Candidates 
should be board-eligible or -certified neurologists 
with scholarly career interests and qualified for 
academic appointment. Send reply to: Gastone 
Celesia, MD, Chairman, Neurology Department, 
Loyola University Chicago, 2160 South First 
Avenue, Chicago, IL 60153. Loyola is an equal 
opportunity/affirmative action employer. 





TEXAS TECH is searching for an academic 
electromyographer to join a busy laboratory: Well 
equipped, technically staffed. Teach residents and 
students. Seven neurologists, muscle-nerve biopsy 
laboratory, experimental neuropathologist. Contact: 
Joseph B. Green, MD, Department of Neurology, 
Texas Tech University Health Sciences Center, 
Lubbock, TX 79430. 


Fellowships 


NEUROPHYSIOLOGY/SLEEP FELLOWSHIP — 
The Department of Neurology, Medical College of 
Wisconsin, has a position for a one-year or two-year 
program beginning July 1993 as well as July 1994, 
designed to combine training in epilepsy and clinical 
neurophysiology as well as sleep disorders 
medicine. Comprehensive exposure to epilepsy and 
sleep disorders is available. This exposure includes 
participation in adult and pediatric epilepsy and 
sleep clinics staffed by epileptoligists and sleep 
physicians (Neurologists, ENTs and Pul- 
monologists). A two bed adult and one bed pediatric 
epilepsy and sleep laboratory is utilized. This will 
qualify the fellow for ABCN/ACP examination within 
one year. Participation in a comprehensive epilepsy 
clinic and clinical drug trials is available. 
Involvement in clinical epilepsy and clinical or basic 
science research including newer functional imaging 
techniques allows extension of the fellowship to two 
years. Send resume to: L. Cass Terry, MD, PhD, 
Chairman, Department of Neurology, Medical 
College of Wisconsin, 9200 West Wisconsin 
Avenue, Milwaukee, WI 53226. The Medical 
College of Wisconsin is an equal opportunity/ 
affirmative action employer, M/F/D. 


THE UCLA DIVISION of Neurosurgery is offering a 
visiting fellowship program in transcranial Doppler 
and cerebral blood flow monitoring. The three-day 
program provides comprehensive instruction in the 
clinical applications of transcranial Doppler and 
Xenon-133 cerebral blood flow monitoring. Instruc- 
tion is provided with formal lectures and hands-on 
workshops. Course syllabus, workbook and certifi- 
cate of completion are provided. Fee for the three- 
day course is $495 for physicians, and $395 for 
technologists. Dates: May 20-22; September 9-11; 
November 11-13. For further information and regis- 
tration, please contact: UCLA Cerebral Blood Flow 
Laboratory, Division of Neurosurgery, CHS 74-140, 
10833 Le Conte Avenue, Los Angeles, CA 90024- 
6901. (310) 206-0626; FAX (310) 825-7245. 





Fellowships 










NEUROVASCULAR FELLOWSHIP 


The Division of Neurology of the Barrow 
Neurological Institute offers comprehensive 
fellowship training in nerovascular disease. 
One position will be available as of July 1993. 
Please direct inquiries to: James L. Frey, MD, 
222 West Thomas Road, Suite 415, Phoenix, AZ 
85013. (602) 650-6300; FAX (602) 650-7167 


EMG/NEUROMUSCULAR DISEASE FELLOWSHIP 
available beginning July 1993 for one year at the 
Medical College of Wisconsin and affiliated 
hospitals (Children's Hospital, Froedtert Hospital, 
VA Medical Center, Milwaukee County Medical 
Complex). Training opportunities include adult and 
pediatric EMG, single fiber EMG, nerve and muscle 
biopsy interpretation, adult and pediatric MDA 
clinics, and microneurography. Please send 
curriculum vitae and three references to: Dr. Rose 
Dotson or Dr. Safwan Jaradeh in the Department of 
Neurology at Froedtert Hospital, 9200 West 
Wisconsin Avenue, Milwaukee, WI 53226. The 
Medical College of Wisconsin is an equal 
opportunity/affirmative action employer, M/F/D. 





PLEASE NOTE — Address replies to box number 
ads as follows: Box number , c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 






WELL ESTABLISHED busy neurology practice in 


major Kentucky city. Physician retiring. All medical 
specialties represented in office/hospital complex. 
Desirable cultural, educational, recreational ad- 
vantages. Reply to: Box #847, c/o AON. 


NEUROLOGICAL PRACTICE for sale — Close to 


Tampa, Florida. Local hospital 130 beds. $60K. 
Reply to: P.O. Box 101, Plant City, FL 33566. 


Miscellaneous 


ORS ie Or NSA a ee 
PATIENT EDUCATION VIDEOS —Electomyography/ 
$59.95, Nerve Conduction Velocity/$59.95, 
Thermography/$59.95, Somatosensory Evoked 
Potentials/$59.95, EMG & NCV/$99.95, Patient 
Spinal Education (Neck & Back Injuries)/$139.95, 
Neurodiagnostic Testing (All Inclusive)/$139.95. 
CODs, MC, VISA, Discover, call: (800) 332-7400. 
Check or money order to: Medfo, Inc., P.O. Box 
7730, St. Petersburg, FL 33734. 30-day money back 
guarantee. 





NATIONAL STROKE ASSOCIATION announces 
career-development fellowship award ($30,000/year) 
for stroke research. Application due January 15, 
1993 for July 1993 commencement. Contact: 
National Stroke Association, 300 East Hampden 
Avenue, #240, Englewood, CO 80110. (303) 762- 
9922. 
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We Target 
The Physician You Want! 


The Archives of Neurology's classified recruitment advertising section is seen by 
precisely the physician you need — neurologists, child neurologists and neurological 
surgeons. A specialized physician audience of over 15,000. 


Send us your advertising order today. Just complete the coupon below and attach 
your typewritten copy. The next available issue is November which closes Friday, 


The classified rate is $1.05 per word for one issue. For three issues or more, the rate 
is $.95 per word per issue. Minimum classified ad is 20 words. 
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Dogs for 
the Deaf 


helps fill 
the silence. 
















Young. Old. Girls. Boys. Women... 

about 24 million deaf and severely hard of 
hearing Americans. 

Certified Hearing Dogs listen for a baby crying, doorbells, smoke alarms, or any of a dozen 
sounds, gently touch the deaf person with a paw and lead them to the sound. 


Dogs are rescued from shelters — often just before being put to sleep — trained 4-6 months as 
Hearing Dogs and are delivered anywhere in the USA. 


ABSOLUTELY FREE! 


Join Dogs for the Deaf. For more information on membership, our video, tour reservations, or to 
apply for a free dog for yourself or someone you love, write or call: 


DOGS FOR THE DEAF 


10175 Wheeler Road, Central Point, OR 97502 


a ` Voice/tod (503) 826-9220 


(Hearing Dogs are allowed the same access rights to transportation, buildings, 
restaurants, markets, schools and other public facilities as other guide dogs. Dogs 
for the Deaf Hearing Dogs are identified by a blaze orange collar and leash, and the 


owner Carries a photo I.D.) 


(Advertising space has been provided as a public service by this publication ) 


+ 
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Dilantin Kapseals 


(extended phenytoin sodium capsules, USP) 100 mg 


Before prescribing, please see full prescribing information. A Brief Summary follows. 
INDICATIONS AND USAGE: Dilantin is indicated for the contro! of generalized tonic-clonic (grand mal) 
and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment of seizures 
occurring during or following neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see Dosage 
and Administration and Clinical Pharmacology in the full prescribing information). 
CONTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive to 
phenytoin or other hydantoins. 

WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status epilepticus. 
When, in the judgment of the clinician, the need for dosage reduction, discontinuation, or substitution 
of alternative antiepileptic medication arises, this should be done gradually. However, in the event of an 
allergic or hypersensitivity reaction, rapid substitution of alternative therapy may be necessary. In this 
case, alternative therapy should be an antiepileptic drug not belonging to the hydantoin chemical class. 

There have been a number of reports suggesting a relationship between phenytoin and the develop- 
ment of lymphadenopathy (local or generalized) including benign lymph node hyperplasia, pseudo- 
lymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect relationship has not been 
established, the occurrence of lymphadenopathy indicates the need to differentiate such a condition 
from other types of lymph node pathology. Lymph node involvement may occur with or without symp- 
toms and signs resembling serum sickness, eg, fever, rash and liver involvement. 

in all cases of lymphadenopathy, follow-up observation for an extended period is indicated and every 
effort should be made to achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may decrease 
serum levels. 

in view of isolated reports associating phenytoin with exacerbation of porphyria, caution should be 

exercised in using this medication in patients suffering from this disease. 
Usage in Pregnancy: A number of reports suggests an association between the use of antiepileptic 
drugs by women with epilepsy and a higher incidence of birth defects in children born to these women. 
Data are more extensive with respect to phenytoin and phenobarbital, but these are also the most 
commonly prescribed antiepileptic drugs; less systematic or anecdotal reports suggest a possible similar 
association with the use of all known antiepileptic drugs. 

The reports suggesting a higher incidence of birth defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data on drug teratogenicity in humans; genetic factors 
or the epileptic condition itself may be more important than drug therapy in leading to birth defects. 
The great majority of mothers on antiepileptic medication deliver normal infants. It is important to note 
that antiepileptic drugs should not be discontinued in patients in whom the drug is administered to 
prevent major seizures, because of the strong possibility of precipitating status epilepticus with attendant 
hypoxia and threat to life. In individual cases where the severity and frequency of the seizure disorder 
are such that the removal of medication does not pose a serious threat to the patient, discontinuation 
of the drug may be considered prior to and during pregnancy, although it cannot be said with any 
confidence that even minor seizures do not pose some hazard to the developing embryo or fetus. The 
prescribing physician will wish to weigh these considerations in treating or counseling epileptic women 
of childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft lip/palate 
and heart malformations, in children of women receiving phenytoin and other antiepileptic drugs, there 
have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal growth de- 
ficiency, microcephaly and mental deficiency in children born to mothers who have received phenytoin, 
barbiturates, alcohol, or trimethadione. However, these features are all interrelated and are frequently 
associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose mothers 
received phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, because 
of altered phenytoin absorption or metabolism. Periodic measurement of serum phenytoin levels is 
particularly valuable in the management of a pregnant epileptic patient as a guide to an appropriate 
adjustment of dosage. However, postpartum restoration of the original dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to epileptic 
mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent or correct 
this defect and has been recommended to be given to the mother before delivery and to the neonate 
after birth. 

PRECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin; patients with 
impaired liver function, elderly patients, or those who are gravely ill may show early signs of toxicity. 

A small percentage of individuals who have been treated with phenytoin has been shown to metabolize 
the drug slowly. Slow metabolism may be due to limited enzyme availability and lack of induction; it 
appears to be genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
Johnson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be resumed 
and alternative therapy should be considered. (See Adverse Reactions.) If the rash is of a milder type 
(measles-like or scarlatiniform), therapy may be resumed after the rash has completely disappeared. 
if the rash recurs upon reinstitution of therapy, further phenytoin medication is contraindicated. 

Phenytoin and other hydantoins are contraindicated in patients who have experienced phenytoin 
hypersensitivity. Additionally, caution should be exercised if using structurally similar compounds 
(eg, barbiturates, succinimides, oxazolidinediones and other related compounds) in these same patients. 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been reported. 
Phenytoin may also raise the serum glucose level in diabetic patients. 

Osteomalacia has been associated with phenytoin therapy and is considered to be due to phenytoin's 
interference with Vitamin D metabolism. 

Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. Appropriate 
diagnostic procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and absence 
(petit mal) seizures are present, combined drug therapy is needed. 

Serum levels of phenytoin sustained above the optimal range may produce confusional states referred 
to as “delirium” “psychosis” or “encephalopathy” or rarely irreversible cerebellar dysfunction. Accordingly, 
at the first sign of acute toxicity, plasma levels are recommended. Dose reduction of phenytoin therapy 
is indicated if plasma levels are excessive; if symptoms persist, termination is recommended. (See 
Warnings.) 

Information for Patients: Patients taking phenytoin should be advised of the importance of adhering 
strictly to the prescribed dosage regimen, and of informing the physician of any clinical condition in 
which it is not possible to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first seeking 
the physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the development 
of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 


Laboratory Tests: Phenytoin serum level determinations may be necessary to achieve optimal dosage 
adjustments. 

Drug Interactions: There are many drugs which may increase or decrease phenytoin levels or which 
phenytoin may affect. Serum level determinations for phenytoin are especially helpful when possible drug 
interactions are suspected. The most commonly occurring drug interactions are listed below: 1. Drugs 
which may increase phenytoin serum levels include: acute alcohol intake, amiodarone, chloramphenicol, 
chlordiazepoxide, diazepam, dicumarol, disulfiram, estrogens, Ho-antagonists, halothane, isoniazid, 
methylphenidate, phenothiazines, phenylbutazone, salicylates, succinimides, sulfonamides, 
tolbutamide, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse, 
reserpine, and sucralfate. Moban® brand of molindone hydrochloride contains calcium ions which 
interfere with the absorption of phenytoin. Ingestion times of phenytoin and antacid preparations 
erra calcium should be staggered in patients with low serum phenytoin levels to prevent absorption 
problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, sodium 
valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarbital, valproic acid and sodium 
valproate serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in susceptible 
patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin include: corticosteroids, coumarin anticoagulants, 
to as estrogens, furosemide, oral contraceptives, quinidine, rifampin, theophylline, 
vitamin D. 

Drug/Laboratory Test Interactions: Phenytoin may cause decreased serum levels of protein-bound 
iodine (PBI). It may also produce lower than normal values for dexamethasone or metyrapone tests. 
Phenytoin may cause increased serum levels of glucose, alkaline phosphatase, and gamma glutamyl 
transpeptidase (GGT). 

Carcinogenesis: See “Warnings” section for information on carcinogenesis. 

Pregnancy: See Warnings. 

Nursing Mothers: Infant breast-feeding is not recommended for women taking this drug because phenyt- 
oin appears to be secreted in low concentrations in human milk. 

ADVERSE REACTIONS: Central Nervous System: The most common manifestations encountered with 
phenytoin therapy are referable to this system and are usually dose-related. These include nystagmus, 
ataxia, slurred speech, decreased coordination and mental confusion. Dizziness, insomnia, transient 
nervousness, motor twitchings, and headaches have also been observed. There have also been rare 
reports of phenytoin induced dyskinesias, including chorea, dystonia, tremor and asterixis, similar 
to those induced by phenothiazine and other neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has been observed in patients receiving long- 
term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver damage. 
Integumentary System: Dermatological manifestations sometimes accompanied by fever have included 
scarlatiniform or morbilliform rashes. A morbilliform rash (measles-like) is the most common; other 
types of dermatitis are seen more rarely. Other more serious forms which may be fatal have included 
bullous, exfoliative or purpuric dermatitis, lupus erythematosus, Stevens-Johnson syndrome, and toxic 
epidermal necrolysis (see Precautions). 

Hemopoietic System: Hemopoietic complications, some fatal, have occasionally been reported in 
association with administration of phenytoin. These have included thrombocytopenia, leukopenia, 
granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow suppression. While 
macrocytosis and megaloblastic anemia have occurred, these conditions usually respond to folic acid 
therapy. Lymphadenopathy including benign lymph node hyperplasia, pseudolymphoma, lymphoma, 
and Hodgkin's Disease have been reported (see Warnings). 

Connective Tissue System: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

Immunologic: Hypersensitivity syndrome (which may include, but is not limited to, symptoms such 
as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash), systemic lupus 
erythematosus, and immunoglobulin abnormalities. 

OVERDOSAGE: The lethal dose in children is not known. The lethal dose in adults is estimated to be 
2 to 5 grams. The initial symptoms are nystagmus, ataxia, and dysarthria. Other signs are tremor, hyper- 
reflexia, lethargy, slurred speech, nausea, vomiting. The patient may become comatose and hypotensive. 
Death is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where toxicity 
may occur. Nystagmus, on lateral gaze, usually appears at 20 mcg/mL., ataxia at 30 mcg/mL, dysarthria 
and lethargy appear when the plasma concentration is over 40 mcg/mL, but as high a concentration 
as 50 mcg/mL has been reported without evidence of toxicity. As much as 25 times the therapeutic 
dose has been taken to result in a serum concentration over 100 mcg/mL with complete recovery. 
Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and appropriate 
supportive measures employed. Hemodialysis can be considered since phenytoin is not completely 
bound to plasma proteins. Total exchange transfusion has been used in the treatment of severe 
intoxication in children. 

In acute overdosage the possibility of other CNS depressants, including alcohol, should be borne 


in mind. 
Caution — Federal law prohibits dispensing without prescription. 0362G280 
© 1989 Warner-Lambert Co. Revised October 1989 
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neurologists goby ` 
, thesamename. ()' 


Neurologists write “Dilantin” more often than any other name in anti- 
convulsant therapy'—and for good reasons: 


m Unsurpassed control of generalized and partial seizures?‘ = 
m Convenient once-daily dosing for many patients* Yd a 
m Significantly lower cost than carbamazepine or valproic acid’ ow 


When you add billions of successful patient therapy days, it’s clear why so 
many neurologists independently write the same prescription: Dilantin 
Kapseals for effective seizure control. 


*For adult patients already controlled on 100 mg tid of Dilantin Kapseals. 
‘Adapted from IMS National Pharmacy Audit Basic Data Book, 4/91-6/91." 


Please see next page for a brief summary of full prescribing information. 


8 © > n 
Dilantin Kapseals | 
(extended phenytoin sodium capsules, USP) 100 mg O p 
For control, compliance, and cost 


© 1991 Warner-Lambert Company 
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Regional Cerebral Oxygen Consumption, Blood Flow, and 


Blood Volume in Healthy Human Aging 
G. Marchal, P. Rioux, M.-C. Petit-Taboué, G. Sette, J.-M. Travère, 
C. Le Poec, P. Courtheoux, J.-M. Derlon, J.-C. Baron 


Neurocognitive Effects of Aluminum 


“ K. I. Bolla, G. Briefel, D. Spector, B. S. Schwartz, L. Wieler, J. Herron, L. Gimenez 
A Pilot Study on the Influence of a Corticotropin (4-9) Analogue 
on Vinca Alkaloid-Induced Neuropathy w 
B. van Kooten, H. A. M. van Diemen, K. M. Groenhout, P. C. Huijgens, “ATS 
G. J. Ossenkoppele, J. J. P. Nauta, J. J. Heimans “| 
Parietal Pseudothalamic Pain Syndrome: Clinical Features 
and Anatomic Correlates 
J. D. Schmahmann, D. Leifer 
y 
Neurologic Signs in Alzheimer’s Disease: Results of a Prospective 
Clinical and Neuropathologic Study 
H. Förstl, A. Burns, R. Levy, N. Cairns, P. Luthert, P. Lantos 
Volume 49, Number 10 
r American Medical Association 


Physicians dedicated to the health of America 





For many patients with 
Parkinson’s disease 


The causes of motor fluctuations are not completely understood; 
in some patients they may be attenuated by treatment regimens _ 
that produce steady plasma levels of levodopa. 


SINEMET 25-100 | ral 
SINEMET CR 50-200 EE 


In a clinical trial, 14 patients vith mid to moderate oP 

BAM 9AM 10AM 11AM NOON 1PM 2PM 3PM 4PM Parkinson's disease had ma levodopa levels vi 

a jiria belt moeder so F, 

i were compared over same period l 
at ener ch | -after two doses of SINEMET 25-100. 





1¥2 tab bid. or 1 tab t.i.d. 


A total of 4 tabs in 3 or more divided 


700-800 doses (e.g.,1¥etaba.m., 12 tab early p.m., 
and 1 tablater p.m.) 


A total of 5 tabs in 3 or more divided 
doses (e.g.,2tabsa.m.,2tabs early p.m., 
and 1 tab later p.m.) 


The above is only provided as an example of conversion. 

Dosage must be individualized and will vary from ntto 

patient. This example chart reflects dosing of SINEMET CR to 

provide an increase of approximately 10% more levodopa. 

For dosing ranges not shown in the table see DOSAGE AND 
ADMINISTRATION, chen ava: rear currently treated 
with conventional ji preparations in a Brief 
Summary of Full Prescribing Information. 

§The bioavailability of levodopa from SINEMET CR relative to 

_ SINEMET is approximately 70%-75%. 
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Laboratory Tests Abnormalities in laboratory tests may include elevations of liver 
ina ie shan SAO SSO AST, , SGPT (ALT), lactic 


with levodopa. 
Carbidopa-levodopa preparations may cause a false-positive reaction for urinary 
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a 1 Clinical Adverse Experiences Occurringin 1% or Greater of Patients 
SINEMET CR SINEMET 

n=491 n=524 

Adverse % % 

Dyskinesia 16.5 122 

Nausea 55 57 

Hallucinations 39 32 

Contusion 37 23 

Dizziness 29 23 

Depression 22 13 

Urinary Tract infection 22 23 

Headache 20 19 

Dream Abnormalities 18 08 

vig f ia 

oe i f 

Tr bnon 16 11 

Back Pain 16 0.6 

Dry Mouth 14 14 

Anorexia 12 11 

Diarrhea 12 06 

Insomnia 12 1.0 


SINEMET CR SINEMET 

n=491 n=524 
Adverse % % 
Orthostatic Hypotension 10 11 
Shoulder Pain 10 0.6 
Chest Pain 1.0 08 
Muscle Cramps 08 10 
i E 
Dyspepsia 05 11 
Constipation 15 
Of 1% or greater in 
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When doses of SINEMET CR are given atintervals of less than 4 hours, and/or 
ifthe divided doses are not equal, tis recommended that the smaller doses be given 
peer A 

dosage adjustments is recommended. 
Maintenance Because Parkinson's disease is progressive, periodic clinical evalu- 
SE nn RENN ENE CRmay 


be required. 
Addition of Other Antiparkinson Medications Anticholinergic agents, dopa: 
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HOW SUPPLIED SINEMET CR 50-200 
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All rights reserved 
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Arch Neurol—Vol 49, October 1992 Calendar 1001 


A MIGRAINE DILEMMA 


“Today of all days — 
I can’t believe ý 
Mom had to get f 


one of her migraines.” 





“Td give anything 
to be with Scott today, 
but what could I do? 
Between the pain 
and the nausea, 


I can barely move.” 
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Migraine is more than a headache. 

Recent research has revealed that migraine 

is a complex, multisymptom disorder of 
neurobiological origin.'* Although various 
theories have been proposed regarding the 
exact physiological mechanism of migraine, 
the practical patient presentation has become 
increasingly clear: headache is only one aspect 
of the total migraine symptom complex. Nausea, 
vomiting, and light and sound sensitivity also 
contribute to the disabling nature of migraine. 
And that disability means people in the 
migraine patient’s world suffer too—family, 
friends, coworkers. 


Current estimates indicate that over 11 million 
Americans suffer from migraine with moderate 
to severe disability’... and the prevalence of 
migraine is on the rise.* Yet, the sad fact is only 
one out of three migraine sufferers is actually 
under a physician’s care.” Many have resigned 
themselves to coping on their own. 


Fortunately, research may offer 
new hope to migraine sufferers. 
Results of this research have 
given us new 
insights into the 
neurobiological 
basis of migraine ... 
and new hope for 
migraine patients. 










The Raven MRI Teaching 
File: MRI of the Brain III: 
Neoplastic Disease 


Edited by A. N. Hasso, M. Shakudo, and 
E. Chadrycki, 216 pp, with illus, $60, 
New York, NY, Raven Press, 1991. 


This book is one of 10 books in a se- 
ries that covers magnetic resonance 
imaging (MRI) of various organ sys- 
tems. It may be purchased separately 
or with the entire collection. Of the 
three books that discuss MRI of the 
brain, this book deals with neoplastic 
disease; the others deal with nonneo- 
plastic disease. At $60 per book, the 
three-book set covering the brain 
alone is $180, which is in the range of 
many standard references in neuro- 
radiology. 

MRI of the Brain III consists of 100 
cases in which the reader is provided 
a series of MRI images and a one- or 
two-sentence medical history. A sum- 
mary of the findings, the diagnosis, a 
discussion, and a few references im- 
mediately follow. The quality of the 
images is very good, and the discus- 
sions are appropriate, informative, 
and succinct. The question-and- 
answer format provides the essential 
flavor of this book and of the entire 
series. The challenge of making a di- 
agnosis or differential diagnosis 
forces the reader into an active role. 
The cases cover a variety of material, 
including the common and the un- 
usual. A number of excellent neuro- 
radiology textbooks have recently 
been published, but the Raven MRI 
series allows a reader to “see” 100 
good cases (per book) in a short 
period of time. This is the obvious 
strength and intent of the series, and, 
as such, this series has succeeded. 
This book does not discuss the many 
technical factors involved in MRI and 
does not compare MRI with com- 
puted tomography. 
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Compared with the availability of 
information only 15 years ago, when 
the first textbook on computed to- 
mography was published, we have 
witnessed an explosion of informa- 
tion in neuroimaging. From a clinical 
point of view, this book covers the 
brain tumors that a neurologist or 
neurosurgeon will see in his or her 
daily practice. This teaching file 
would be an excellent place to start 
for a medical student or resident be- 
ginning a rotation on neuroradiology. 

WILLIAM A. WAGLE, MD 
Albany, NY 


Microsurgery of the 
Cervical Spine 


Edited by Paul H. Young, 203 pp, with 
illus, $110, New York, NY, Raven Press, 
1991. 


This book is a collaborative effort by 
Wolfard Caspar, Margaret Cooper, 
Haynes Harkey, Paul C. McCormick, 
Bennett Stein, Vernon Yaeger, Paul A. 
Young, and the editor, Paul H. 
Young. It presents an overview of 
anatomy and pathology but most ex- 
tensively focuses on the microsurgi- 
cal approaches to the cervical spine. 

The initial chapters deal with gross 
and surgical anatomy of the cervical 
spine. These chapters are among the 
strongest in the book, with excellent 
illustrations and pathologic speci- 
mens accompanying an extensive re- 
view of pertinent anatomy. Basic neu- 
roanatomy and selected clinical 
syndromes associated with cervical 
spine disease are also reviewed. 

The authors then turn to the surgi- 
cal approaches to the cervical spine. 
Anterior microdiskectomy for soft- 
disk protrusions as well as central 
and lateral approaches for spondylo- 
sis are discussed in detail. Principles 
of bony fusion from the anterior ap- 
proach are presented, including the 


Smith-Robinson rectangular plug, 
Baily and Badgley rectangular strut, 
Cloward bone dowel, and corpec- 
tomy fusions. Drs Caspar and Harkey 
extensively describe the advantages, 
disadvantages, and technical aspects 
of the Caspar trapezial plating sys- 
tem. Superb illustrations, radio- 
graphs, and intraoperative photo- 
graphs are presented demonstrating 
optimal and suboptimal outcomes us- 
ing this technique. 

The posterior approach to the cer- 
vical spine is then examined, includ- 
ing the microlaminotomy (keyhole) 
for lateral disk herniations and osteo- 
phytes, the classic decompressive 
laminectomy, and the various lami- 
noplasty techniques. Posterior fusion 
methods are not discussed. Microsur- 
gery for intramedullary cervical spi- 
nal cord tumors is reviewed in detail. 
Extramedullary tumors are only 
briefly mentioned, yet may deserve 
greater attention in a subsequent 
volume, as microsurgical techniques 
are invariably used in these tumors. 
Basic discussions of perioperative 
care and complications in patients 
with cervical spine disease complete 
the text. 

The personal experience of Dr P. H. 
Cooper with 250 anterior microsurgi- 
cal procedures for degenerative cer- 
vical disk disease is presented as is an 
analysis of 60 trauma patients treated 
with the Caspar trapezial plating sys- 
tem. Both series discuss advantages, 
disadvantages, and complications 
with their respective procedures. 

The strengths of Microsurgery of the 
Cervical Spine include its excellent il- 
lustrations, tables, radiographs, and 
intraoperative photographs. Figure 
legends are concise and accurate. The 
text is clearly written and well orga- 
nized. The extensive bibliography at 
the end of each chapter is divided by 
subject headings, making it easier to 
further investigate a particular sub- 
ject discussed in that chapter. The in- 
dex is complete and accurate. 
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Microsurgery of the Cervical Spine is 
an excellent book and is especially 
recommended to any resident in neu- 
rosurgery or neurology seeking a 
very good overview of cervical spine 
anatomy, pathology, and surgery. 
This book is highly recommended for 
any physician interested in a text that 
presents a thorough discussion of 
cervical spine disease. 

MICHAEL G. RADLEY, MD 
EUGENE D. GEORGE, MD 
Rochester, NY 


Neurotransmitters 
and Epilepsy 


vol 11, Frontiers of Clinical Neuro- 
science, edited by Robert D. Fisher and 
Joseph T. Coyle, 260 pp, with illus, 
$99.95, New York, NY: John Wiley & 
Sons Inc, 1991. 


Neurotransmitters and Epilepsy pro- 
vides an overview of the research is- 
sues posed by the clinical state of ep- 
ilepsy with respect to what is known 
about the function of neurotransmit- 
ters. The book is the product of col- 
laborative work by many authors, 
many of whom are members of the 
faculty of the School of Medicine of 
The Johns Hopkins University, Balti- 
more, Md. 

The book starts slowly with a clin- 
ical overview of epilepsy and a dis- 
cussion of the mechanisms of neuro- 
transmitter receptor actions. This 
includes a brief summary of the tech- 
nique of patch clamping, receptor 
subtypes, and second messengers. 
The latter is discussed in several 
chapters. Models of epilepsy in ani- 
mals are discussed; a series of chap- 
ters follow on specific neurotransmit- 
ters in relation to seizure phenomena: 
GABA (-aminobutyric acid), acetyl- 
choline, serotonin, norepinephrine, 
glutamate, and NMDA (N-methyl-D 
asparate) receptors. There are also 
chapters on opioids and extracellular 
amino acids with respect to epilepsy 
and the use of staining for a variety of 
relevant enzymes using human hip- 
pocampus removed during surgery 
for intractable epilepsy. The book 
concludes with a brief chapter con- 
cerning positron emission tomo- 
graphic scanning and a summary of 
what is known of antiepileptic drug 
actions on neurotransmitter receptors 
and ion channels. 

This book is a useful addition as it 
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summarizes a great deal of scientific 
knowledge concerning transmitters 
and other modulators of neuronal ac- 
tivity and focuses on what is known 
about these modulators on the subject 
of epilepsy. The book will be particu- 
larly interesting to residents and oth- 
ers whose interests in epilepsy 
embrace the broader areas of neuro- 
science with which the clinical subject 
merges. 

JONATHAN H. PINCUS, MD 

Washington, DC 


The Phaseolus 
vulgaris-Leucoagglutinin 
Tracing Technique for 
the Study of Neuronal 
Connections 


By F. G. Wouterlood and H. J. Groenewe- 
gen, 78 pp, with illus, $59, Stuttgart, 
Germany, Gustav Fisher Verlag, 1991. 


This book discusses the neuroanatomic 
tracer technique that uses the uptake 
and transport of the lectin, Phaseolus 
vulgaris—leucoagglutinin (PHA-L). The 
authors, Drs Wouterlood and Groe- 
newegen, have had extensive experi- 
ence employing the methods dis- 
cussed in the book as well as provid- 
ing a number of significant contribu- 
tions to the field of neuroanatomic 
research. Overall, this book is a well- 
written and state-of-the-art descrip- 
tion of the use of the PHA-L tracer 
techniques in neuroscience today. It is 
applicable for those new to tracer 
methods as well as for veterans in the 
field. 

In the introduction, the authors list 
the characteristics of the ideal neu- 
roanatomic tracer. They then proceed 
to examine each feature with respect 
to PHA-L tracing. The authors dis- 
cuss several critical aspects of PHA-L 
tracer methodology, such as injection 
parameters and mechanisms of up- 
take, tissue preparation, visualization 
of transported PHA-L, rate of an- 
terograde transport, retrograde trans- 
port, and uptake by fibers-of-passage. 
Included also is a review of the status 
of the combination of PHA-L tracing 
with other neuroanatomic techniques 
or immunocytochemical methods. 
Complete protocols are included for 
all techniques discussed. Last, the au- 


thors discuss various aspects of PHA-L 
detection at the electron microscopic 
level. 

This book details the advantages 
and limitations of using PHA-L tracer 
methodology in light and electron mi- 
croscopic neuroanatomic studies. Eas- 
ily understood and complete proto- 
cols are included for the large number 
of variations and combinations of neu- 
roanatomic methods with the PHA-L 
tracer technique. In addition, this book 
emphasizes the versatility of the 
PHA-L tracer technique. I enthusias- 
tically recommend this book for sci- 
entists new to the use of PHA-L as a 
tracer and to researchers currently us- 
ing PHA-L tracer methods. 

MARY ANN ROMAGNANO, PHD 
Rochester, NY 


Handbook of 
Neurological Lists 


Edited by L. M. Brass and Peter K. Stys, 
397 pp, $29.95, New York, NY, Churchill 
Livingstone Inc, 1991. 


The editors of this helpful and inter- 
esting reference book have produced 
exactly what their title proclaims, a 
compendium of short statements or 
descriptive words listed in outline 
form under 10 major subdivisions of 
neurologic interest. Within each sub- 
division, a variety of topics are ad- 
dressed. Each is represented by a 
list of facts, a diagram, or a chart 
containing information appropriate 
to the topic under consideration. In 
many instances a reference is cited as 
authority. 

Within each topic area the goal is to 
be reasonably inclusive. There are 
both omissions and inclusions, of 
course, with which one may take ex- 
ception. However, the information is 
commendably complete, and it is 
stimulating to skim down through a 
topic and decide for oneself whether 
the list is complete or whether omis- 
sions are significant. As examples of 
points of gentle controversy, the au- 
thors include eye strain within the 
causes of muscle-contraction head- 
ache; they omit encopresis from the 
listed causes of fecal incontinence, a 
frequent diagnostic consideration in 
child neurology. However, this hand- 
book is much more than only a stim- 
ulus to the raising of neurological 
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reservations. It is a useful “tickler 
file” for the busy clinician to see if he 
or she has omitted an important con- 
sideration. Additionally, it permits 
the experienced to undertake a quick 
review of an area in which he or she 
is less experienced, such as the patho- 
genic considerations of chronic pe- 
ripheral neuropathy. 

The Handbook of Neurological Lists is 
great. It is interesting, concise, inex- 
pensive, portable, and fun to use. It is 
particularly recommended to the 
practicing clinician or house officer as 
a useful asset to the practice of clini- 
cal neurology. 

JAMES Q. MILLER, MD 
Charlottesville, Va 


Neurology for the 
Speech-Language 
Pathologist 


By Russell J. Love and Wanda G. Webb, 
309 pp, with illus, $29.95, Boston, Mass, 
Butterworth-Heineman, 1992. 


In their preface, the authors state that 
their book is “ .. . designed as an in- 
troduction to neuroanatomy, neurol- 
ogy, and neuropsychology for the stu- 
dent and practicing [speech-language 
pathologist] clinician interested in 
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neurogenic communication disor- 
ders. . . . Itis hoped that this book will 
serve as a primary textbook for an intro- 
ductory course in the neurology of 
speech and language, or as a supple- 
mentary source’ in...standard 
courses [in the speech-language pa- 
thology field].” The authors”. . . hope 
it will be helpful to students without 
medical training.... This book is 
aimed at advanced undergraduates 
and beginning graduate students as 
well as the working speech-language 
pathologist.” I believe it succeeds. 

For the working physician and/or 
neurology specialist, the treatment is 
less than might be wished for in com- 
parison with, eg, Darby’s excellent 
compendium, which can serve as a 
more thorough guide and reference 
to communicative disorders in medi- 
cal practice (Darby JK Jr. Speech Eval- 
uation in Medicine. New York, NY: 
Grune & Stratton; 1981). 

Neurology for the Speech-Language 
Pathologist is, however, a noble effort 
to bridge an all-too-large gap be- 
tween the medical professions and 
speech-language pathology, and its 
authors are to be commended. It con- 
tains an introduction, chapters on 
neural organization for speech, neu- 
ral controls for speech, clinical speech 
syndromes, and developmental 
speech syndromes. 

One would wish for closer locations 


of the illustrations to the discussion; 
they are frequently on the backside of 
the discussion page. Bibliographies 
could use closer proofreading. The 
shape and format of the book make it 
handy for the daily user. 

The appendices contain an over- 
view of medical conditions in relation 
to communicative disorders, a bed- 
side neurologic examination, and a 
screening neurologic examination for 
communicative pathologies. A glos- 
sary of technical terms, preceding a 
good index, concludes the work. 

This book could serve as valuable 
introductory material to the many 
more technical reference works that 
a working speech-language pathol- 
ogy clinician needs to consult and 
to the more detailed materials used 
and discussed in speech-language 
pathology training at the graduate 
level. 

The style varies: at times it is 
classic neurologic description/ex- 
planation, and, at times it is, in very 
kindly fashion, directly addressed 
to the reader, as first-time learner. 
The authors clearly are teachers and 
have succeeded well in putting their 
insights into print for the benefit of 
the uninitiated who will need this 
knowledge to do their work insight- 
fully. 

DONALD G. REIFF, PHD 
Rochester, NY 
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NIMOTOP” (nimodipine) 
CAPSULES 


For Oral Use 


INDICATIONS AND USAGE: Nimotop® (nimodipine) is indicated for the improvement of 
neurological outcome by reducing the incidence and severity of ischemic deficits in patients 
with subarachnoid hemorrhage from ruptured congenital aneurysms who are in good neuro- 
logical condition post-ictus (e.g., Hunt and Hess Grades HII). 
CONTRAINDICATIONS: None known. 
PRECAUTIONS: General: Blood Pressure: Nimodipine has the hemodynamic effects expected 
of a calcium channel blocker, although they are generally not marked. In patients with sub- 
arachnoid hemorrhage given Nimotop® in clinical studies, about 5% were reported to have 
had lowering of the blood pressure and about 1% left the study because of this (not all could 
be attributed to nimodipine). Nevertheless, blood pressure should be carefully monitored dur- 
ing treatment with Nimotop® based on its known pharmacology and the known effects of cal- 
cium channel blockers. 
Hepatic Disease: The metabolism of Nimotop® is decreased in patients with impaired hepatic 
function. Such patients should have their blood pressure and pulse rate monitored closely and 
should be given a lower dose (see Dosage and Administration). 
Intestinal pseudo-obstruction and ileus have been reported rarely in patients treated with 
nimodipine. A causal relationship has not been established. The condition has responded to 
conservative management. 
Laboratory Test Interactions: None known. 
Drug Interaction: It is possible that the cardiovascular action of other calcium channel block- 
ers could be enhanced by the addition of Nimotop®. 
In Europe, Nimotop® was observed to occasionally intensify the effect of antihypertensive 
compounds taken concomitantly by patients suffering from hypertension; this phenomenon 
was not observed in North American clinical trials. 
A study in eight healthy volunteers has shown a 50% increase in mean peak nimodipine plasma 
concentrations and a 90% increase in mean area under the curve, after a one-week course of cimeti- 
dine at 1,000 mg/day and nimodipine at 90 mg/day. This effect may be mediated by the known 
inhibition of hepatic cytochrome P-450 by cimetidine, which could decrease first-pass metabolism 
of nimodipine. 

is, Mutagenesis, Impairment of Fertility: In a two-year study, higher inci- 
dences of adenocarcinoma of the uterus and Leydig-cell adenoma of the testes were observed 
in rats given a diet containing 1800 ppm nimodipine (equivalent to 91 to 121 mg/kg/day 
nimodipine) than in placebo controls. The differences were not statistically significant, howev- 
er, and the higher rates were well within historical control range for these tumors in the Wistar 
strain. Nimodipine was found not to be carcinogenic in a 91-week mouse study but the high 
dose of 1800 ppm nimodipine-in-feed (546 to 774 mg/kg/day) shortened the life expectancy 
_ of the animals. Mutagenicity studies, including the Ames, micronucleus and dominant lethal 
tests were negative. 
Nimodipine did not impair the fertility and general reproductive performance of male and 
female Wistar rats following oral doses of up to 30 mg/kg/day when administered daily for 
more than 10 weeks in the males and 3 weeks in the females prior to mating and continued 
to day 7 of pregnancy. This dose in a rat is about 4 times the equivalent clinical dose of 60 mg 
q4h in a 50 kg patient. 
Pregnancy: Pregnancy Category C. Nimodipine has been shown to have a teratogenic effect in 
Himalayan rabbits. Incidences of malformations and stunted fetuses were increased at oral 
doses of 1 and 10 mg/kg/day administered (by gavage) from day 6 through day 18 of pregnan- 
cy but not at 3.0 mg/kg/day in one of two identical rabbit studies. In the second study an 
increased incidence of stunted fetuses was seen at 1.0 mg/kg/day but not at higher doses. 
Nimodipine was embryotoxic, causing resorption and stunted growth of fetuses, in Long Evans 
rats at 100 mg/kg/day administered by gavage from day 6 through day 15 of pregnancy. In two 
other rat studies, doses of 30 mg/kg/day nimodipine administered by gavage from day 16 of 
gestation and continued until sacrifice (day 20 of pregnancy or day 21 post partum) were asso- 
ciated with higher incidences of skeletal variation, stunted fetuses and stillbirths but no malfor- 
mations. There are no adequate and well controlled studies in pregnant women to directly 
assess the effect on human fetuses. Nimodipine should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus. 
Nursing Mothers: Nimodipine and/or its metabolites have been shown to appear in rat milk 
at concentrations much higher than in maternal plasma. It is not known whether the drug is 
excreted in human milk. Because many drugs are excreted in human milk, nursing mothers 
are advised not to breast feed their babies when taking the drug. 

Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Adverse experiences were reported by 92 of 823 patients with subarach- 
noid hemorrhage (11.2%) who were given nimodipine. The most frequently reported adverse 
experience was decreased blood pressure in 4.4% of these patients. Twenty-nine of 479 (6.1%) 
placebo treated patients also reported adverse experiences. the events reported with a frequency 
greater than 1% are displayed below by dose. 
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Nimodipine Placebo 
0.35 mg/kg 30 60 mg 90mg 120mg 
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Blood Pressure 1 (1.2) 0 19 3.8) 14 (81) 2600 6(.2) 
Abnormal Liver 

Function Test 1 (1.2) 0 2 (0.4) 1 (0.6) 0 7 (1.5) 
Edema 0 0 2 (0.4) 2 aD we 3 (0.6) 
Diarrhea 0 3 (4.2) 0 31.7) 0O 3 (0.6) 
Rash 2 (2.4) 0 3 (0.6) 22) 0 3 (0.6) 
Headache 0 1 (1.4) 6 (1.2) 0 0 1 (0.2) 
Gastrointestinal 

Symptoms 2 (2.4) 0 0 21.2) O 0 
Nausea 1 (1.2) 1 (1.4) 6 (1.2) 1 (0.6) 0 0 
Dyspnea 1 (1.2) 0 0 0 0 0 
EKG Abnormalities 0 1 (1.4) 0 1 (0.6) 0 0 
Tachycardia 0 1 (1.4) 0 0 0 0 
Bradycardia 0 0 5 (1.0) 1 0.6 0 0 
Muscle Pain/Cramp 0 1 (1.4) 1 (0.2) 1(0.6) 0 0 
Acne 0 1 (1.4) 0 0 0 0 
Depression 0 1 (1.4) 0 0 0 0 


There were no other adverse experiences reported by the patients who were given 0.35 
mg/kg q4h, 30 mg q4h or 120 mg q4h. Adverse experiences with an incidence rate of less 
than 1% in the 60 mg q4h dose group were: hepatitis; itching; gastrointestinal hemorrhage; 
thrombocytopenia; anemia; palpitations; vomiting; flushing; diaphoresis; wheezing; phenytoin 
toxicity; lightheadedness; dizziness; rebound vasospasm; jaundice; hypertension; hematoma. 
Adverse experiences with an incidence rate less than 1% in the 90 mg q4h dose group were: 
itching, gastrointestinal hemorrhage; thrombocytopenia; neurological deterioration; vomiting; 
diaphoresis; congestive heart failure; hyponatremia; decreasing platelet count; disseminated 
intravascular coagulation; deep vein thrombosis. 

As can be seen from the table, side effects that appear related to nimodipine use based on 
increased incidence with higher dose or a higher rate compared to placebo control, included 
decreased blood pressure, edema and headaches which are known pharmacologic actions of 
calcium channel blockers. It must be noted, however, that SAH is frequently accompanied by 
alterations in consciousness which lead to an under reporting of adverse experiences. Patients 
who received nimodipine in clinical trials for other indications reported flushing (2.1%), 
headache (4.1%) and fluid retention (0.3%), typical responses to calcium channel blockers. As 
a calcium channel blocker, nimodipine may have the potential to exacerbate heart failure in 
susceptible patients or to interfere with A-V conduction, but these events were not observed. 
No clinically significant effects on hematologic factors, renal or hepatic function or carbohy- 
drate metabolism have been causally associated with oral nimodipine. Isolated cases of non- 
fasting elevated serum glucose levels (0.8%), elevated LDH levels (0.4%), decreased platelet 
counts (0.3%), elevated alkaline phosphatase levels (0.2%) and elevated SGPT levels (0.2%) 
have been reported rarely. 

OVERDOSAGE: There have been no reports of overdosage from the oral administration of 
Nimotop®. Symptoms of overdosage would be expected to be related to cardiovascular effects 
such as excessive peripheral vasodilation with marked systemic hypotension. Clinically signifi- 
cant hypotension due to Nimotop® overdosage may require active cardiovascular support. 
Norepinephrine or dopamine may be helpful in restoring blood pressure. Since Nimotop® is 
highly protein-bound, dialysis is not likely to be of benefit. 

DOSAGE AND ADMINISTRATION: Nimotop is given orally in the form of ivory colored, soft 
gelatin 30 mg capsules for subarachnoid hemorrhage. 

The oral dose is 60 mg (two 30 mg capsules) every 4 hours for 21 consecutive days, prefer- 
ably not less than one hour before or two hours after meals. Oral Nimotop® therapy should 
commence within 96 hours of the subarachnoid hemorrhage. 

If the capsule cannot be swallowed, e.g., at the time of surgery, or if the patient is uncon- 
scious, a hole should be made in both ends of the capsule with an 18 gauge needle, and the 
contents of the capsule extracted into a syringe. The contents should then be emptied into the 
patient's in situ naso-gastric tube and washed down the tube with 30 mL of normal saline 
(0.9%). 

Patients with hepatic cirrhosis have substantially reduced clearance and approximately dou- 
bled Cmax: Dosage should be reduced to 30 mg every 4 hours, with close monitoring of blood 
pressure and heart rate. 
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such reactions, therapy should be initiated at the low dosage 
recommended. 

The following additional adverse reactions have been reported: 
Hemopoietic System: Aplastic anemia, agranulocytosis, pan- 
cytopenia, bone marrow depression, thrombocytopenia, leuko- 
penia, leukocytosis, eosinophilia, acute intermittent porphyria. 
Skin: Pruritic and erythematous rashes, urticaria, toxic epidermal 
necrolysis (Lyell's syndrome) (see WARNINGS), Stevens-Johnson 
syndrome (see WARNINGS), photosensitivity reactions, alterations 
in skin pigmentation, exfoliative dermatitis, erythema multiforme 
and nodosum, purpura, aggravation of disseminated lupus 
erythematosus, alopecia, and diaphoresis. In certain cases, dis- 
continuation of therapy may be necessary. Isolated cases of hirsu- 
tism have been reported, but a causal relationship is not clear. 
Cardiovascular System: Congestive heart failure, edema, aggrava- 
tion of hypertension, hypotension, syncope and collapse, aggrava- 
tion of coronary artery disease, arrhythmias and AV block, primary 
thrombophlebitis, recurrence of thrombophlebitis, and adenopathy 
orlymphadenopathy. 

Some of these cardiovascular complications have resulted in 
fatalities. Myocardial infarction has been associated with other 
tricyclic compounds. 

Liver: Abnormalities in liver function tests, cholestatic and hepato- 
cellular jaundice, hepatitis. 

Respiratory System: Pulmonary hypersensitivity characterized by 
fever, dyspnea, pneumonitis or pneumonia. 

Genitourinary System: Urinary frequency, acute urinary retention, 
oliguria with elevated blood pressure, azotemia, renal failure, and 
impotence. Albuminuria, glycosuria, elevated BUN and micro- 
scopic deposits in the urine have also been reported. 

Testicular atrophy occurred in rats receiving Tegretol orally from 

4 to 52 weeks at dosage levels of 50 to 400 mg/kg/day. Additionally, 
rats receiving Tegretol in the diet for two years at dosage levels of 
25, 75, and 250 mg/kg/day had a dose-related incidence of testicu- 
lar atrophy and aspermatogenesis. In dogs, it produced a brownish 
discoloration, presumably a metabolite, in the urinary bladder at 
dosage levels of 50 mg/kg and higher. Relevance of these findings 
to humans is unknown. 
Nervous System: Dizziness, drowsiness, disturbances of coor- 
dination, confusion, headache, fatigue, blurred vision, visual hallu- 
cinations, transient diplopia, oculomotor disturbances, 
nystagmus, speech disturbances, abnormal involuntary move- 
ments, peripheral neuritis and paresthesias, depression with agita- 
tion, talkativeness, tinnitus, and hyperacusis. 

There have been reports of associated paralysis and other symp- 
toms of cerebral arterial insufficiency, but the exact relationship of 
these reactions to the drug has not been established. 

Digestive System: Nausea, vomiting, gastric distress and abdomi- 
nal pain, diarrhea, constipation, anorexia, and dryness of the 
mouth and pharynx, including glossitis and stomatitis. 

Eyes: Scattered, punctate, cortical lens opacities, as well as con- 
junctivitis have been reported. Although a direct causal relationship 
has not been established, many phenothiazines and related drugs 
have been shown to cause eye changes. 

Musculoskeletal System: Aching joints and muscles, and leg 
cramps. 

Metabolism: Fever and chills. Inappropriate antidiuretic hormone 
(ADH) secretion syndrome has been reported. Cases of frank water 
intoxication, with decreased serum sodium (hyponatremia) and 
confusion, have been reported in association with Tegretol use (see 
PRECAUTIONS, Laboratory Tests). 

Other: \solated cases of a lupus erythematosus-like syndrome have 
been reported. There have been occasional reports of elevated lev- 
els of cholesterol, HDL cholesterol and triglycerides in patients 
taking anticonvulsants. 

A case of aseptic meningitis, accompanied by myoclonus and 
peripheral eosinophilia, has been reported in a patient taking car- 
bamazepine in combination with other medications. The patient was 
successfully dechallenged, and the meningitis reappeared upon re- 
challenge with carbamazepine. 

DRUG ABUSE AND DEPENDENCE 

No evidence of abuse potential has been associated with Tegretol, 
nor is there evidence of psychological or physical dependence in 
humans. 

OVERDOSAGE 

Acute Toxicity 

Lowest known lethal dose: adults, >60 g (39-year-old man). High- 
est known doses survived: adults, 30 g (31-year-old woman); chil- 
dren, 10 g (6-year-old boy); small children, 5 g (3-year-old girl). 

Oral LD. in animals (mg/kg): mice, 1100-3750; rats, 
3850-4025; rabbits, 1500-2680; guinea pigs, 920. 


Indication 


Epilepsy 

6-12 years of age 100 mg b.i.d. 
(200 mg/day) (200 mg/day) 
Over 12 years of age 200 mg b.i.d. 


(400 mg/day) 


1 teaspoon q.i.d. 
(400 mg/day) 


Trigeminal Neuralgia 100 mg b.i.d. on 
the first day 


(200 mg/day) 
© 1992, CIBA-GEIGY Corporation. 


(200 mg/day) 


318-21253-A 


1/2 teaspoon q.i.d. 


1/2 teaspoon q.i.d. 


Signs and Symptoms 


The first signs and symptoms appear after 1-3 hours. Neuromuscu- 
lar disturbances are the most prominent. Cardiovascular disorders 
are generally milder, and severe cardiac complications occur only 
when very high doses (>60 g) have been ingested. 

Respiration: \rregular breathing, respiratory depression. 
Cardiovascular System: Tachycardia, hypotension or hyperten- 
sion, shock, conduction disorders. 

Nervous System and Muscles: Impairment of consciousness rang- 
ing in severity to deep coma. Convulsions, especially in small chil- 
dren. Motor restlessness, muscular twitching, tremor, athetoid 
movements, opisthotonos, ataxia, drowsiness, dizziness, my- 
driasis, nystagmus, adiadochokinesia, ballism, psychomotor 
disturbances, dysmetria. Initial hyperrefiexia, followed by 
hyporeflexia. 

Gastrointestinal Tract: Nausea, vomiting. 

Kidneys and Bladder: Anuria or oliguria, urinary retention. 
Laboratory Findings: Isolated instances of overdosage have in- 
cluded leukocytosis, reduced leukocyte count, glycosuria and 
acetonuria. EEG may show dysrhythmias. 

Combined Poisoning: When alcohol, tricyclic antidepressants, bar- 
biturates or hydantoins are taken at the same time, the signs and 
symptoms of acute poisoning with Tegretol may be aggravated or 
modified. 

Treatment 

The prognosis in cases of severe poisoning is critically dependent 
upon prompt elimination of the drug, which may be achieved by 
inducing vomiting, irrigating the stomach, and by taking appropri- 
ate steps to diminish absorption. If these measures cannot be im- 
plemented without risk on the spot, the patient should be 
transferred at once to a hospital, while ensuring that vital functions 
are safeguarded. There is no specific antidote. 

Elimination of the Drug: Induction of vomiting. 

Gastric lavage. Even when more than 4 hours have elapsed fol- 
lowing ingestion of the drug, the stomach should be repeatedly 
irrigated, especially if the patient has also consumed alcohol. 
Measures to Reduce Absorption: Activated charcoal, laxatives. 
Measures to Accelerate Elimination: Forced diuresis. 

Dialysis is indicated only in severe poisoning associated with 
renal failure. Replacement transfusion is indicated in severe poison- 
ing in small children. 

Respiratory Depression: Keep the airways free; resort, if neces- 
sary, to endotracheal intubation, artificial respiration, and adminis- 
tration of oxygen. 

Hypotension, Shock: Keep the patient's legs raised and administer 
a plasma expander. If blood pressure fails to rise despite measures 
taken to increase plasma volume, use of vasoactive substances 
should be considered. 

Convulsions: Diazepam or barbiturates. 

Warning: Diazepam or barbiturates may aggravate respiratory de- 
pression (especially in children), hypotension, and coma. However, 
barbiturates should not be used if drugs that inhibit monoamine 
oxidase have also been taken by the patient either in overdosage or 
in recent therapy (within one week). 

Surveillance: Respiration, cardiac function (ECG monitoring), 
blood pressure, body temperature, pupillary reflexes, and kidney 
and bladder function should be monitored for several days. 
Treatment of Blood Count Abnormalities: \f evidence of significant 
bone marrow depression develops, the following recommendations 
are suggested: (1) stop the drug, (2) perform daily CBC, platelet 
and reticulocyte counts, (3) do a bone marrow aspiration and trep- 
hine biopsy immediately and repeat with sufficient frequency to 
monitor recovery. 

Special periodic studies might be helpful as follows: (1) white 
cell and platelet antibodies, (2) 58Fe—ferrokinetic studies, (3) pe- 
ripheral blood cell typing, (4) cytogenetic studies on marrow and 
peripheral blood, (5) bone marrow culture studies for colony- 
forming units, (6) hemoglobin electrophoresis for A, and F hemo- 
globin, and (7) serum folic acid and B4; levels. 

A fully developed aplastic anemia will require appropriate, inten- 
sive monitoring and therapy, for which specialized consultation 
should be sought. 


DOSAGE AND ADMINISTRATION (see table below) 
Monitoring of blood levels has increased the efficacy and safety of 
anticonvulsants (see PRECAUTIONS, Laboratory Tests). Dosage 
should be adjusted to the needs of the individual patient. A low 
initial daily dosage with a gradual increase is advised. As soon as 
adequate control is achieved, the dosage may be reduced very grad- 
ually to the minimum effective level. Medication should be taken 
with meals. 

Since a given dose of Tegretol suspension will produce higher 
peak levels than the same dose given as the tablet, it is recom- 
mended to start with low doses (children 6-12 years: 1/2 teaspoon 


Dosage Information: Tablets and Suspension 


Subsequent Dose 
Tablet | Suspension | Tablet [Suspension 


Add up to 100 mg per day at weekly 
intervals, t.i.d. orq.i.d. 


Add up to 200 mg per day at weekly 
intervals, t.i.d. orq.i.d. 


Add up to 200 mg per day in increments 
of 100 mg every 12 hours 





Add up to 1 teaspoon (100 mg) per day 
at weekly intervals, t.i.d. or q.i.d. 


Add up to 2 teaspoons (200 mg) per day 
at weekly intervals, t.i.d. or q.i.d. 


Add up to 2 teaspoons (200 mg) per day 
q.i.d. 


q.i.d.) and to increase slowly to avoid unwanted side effects. 
Conversion of patients from oral Tegretol tablets to Tegretol sus- 
pension: Patients should be converted by administering the same 
number of mg per day in smaller, more frequent doses (i.e., b.i.d. 
tablets to t.i.d. suspension). 
Epilepsy (see INDICATIONS AND USAGE) 
Adults and children over 12 years of age—Initial: Either 200 
mg b.i.d. for tablets or 1 teaspoon q.i.d. for suspension (400 mg 
per day). Increase at weekly intervals by adding up to 200 mg per 
day using a t.i.d. or g.i.d. regimen until the optimal response is 
obtained. Dosage generally should not exceed 1000 mg daily in 
children 12 to 15 years of age, and 1200 mg daily in patients above 
15 years of age. Doses up to 1600 mg daily have been used in adults 
in rare instances. Maintenance: Adjust dosage to the minimum 
effective level, usually 800-1200 mg daily. 
Children 6-12 years of age—Initial: Either 100 mg b.i.d. for 
tablets or 1/2 teaspoon q.i.d. for suspension (200 mg per day). 
Increase at weekly intervals by adding up to 100 mg per day using a 
t.i.d. or q.i.d. regimen until the optimal response is obtained. 
Dosage generally should not exceed 1000 mg daily. Maintenance: 
Adjust dosage to the minimum effective level, usually 400-800 mg 
daily. 
Combination Therapy: Tegretol may be used alone or with other 
anticonvulsants. When added to existing anticonvulsant therapy, 
the drug should be added gradually while the other anticonvulsants 
are maintained or gradually decreased, except phenytoin, which 
may have to be increased (see PRECAUTIONS, Drug Interactions 
and Pregnancy Category C). 
Trigeminal Neuralgia (see INDICATIONS AND USAGE) 
Initial: On the first day, either 100 mg b.i.d. for tablets or 1/2 
teaspoon q.i.d. for suspension for a total daily dose of 200 mg. 
This daily dose may be increased by up to 200 mg a day using 
increments of 100 mg every 12 hours for tablets or 50 mg (1/2 
teaspoon) q.i.d. for suspension, only as needed to achieve freedom 
from pain. Do not exceed 1200 mg/daily. Maintenance: Control of 
pain can be maintained in most patients with 400 mg to 800 mg 
daily. However, some patients may be maintained on as little as 200 
mg daily, while others may require as much as 1200 mg daily. At 
least once every 3 months throughout the treatment period, at- 
tempts should be made to reduce the dose to the minimum effective 
level or even to discontinue the drug. 


HOW SUPPLIED 
Chewable Tablets 100 mg—round, red-speckled, pink, single- 
scored (imprinted Tegretol on one side and 52 twice on the scored 


side) 
ee | rn, a ee S NDC 58887-052-30 
Unit Dose (blister pack) 

Box of 100 

T C E O AEE ES deh Sales NDC 58887-052-32 


Tablets 200 mg—capsule-shaped, pink, single-scored (imprinted 
Tegretol on one side and 27 twice on the partially scored side) 


Pr i ae T NDC 58887-027-30 

ON | Se ee ae ee NDC 58887-027-40 
Unit Dose (blister pack) 

Box of 100 

CT 2) a ae ee eT NDC 58887-027-32 


Samples, when available, are identified by the word SAMPLE ap- 
pearing on each tablet. 
Protect from moisture. Dispense in tight container (USP). 
Suspension 100 mg/5 mi (teaspoon)—yellow-orange, citrus- 
vanilla flavored 

EE ee, ie ee NDC 58887-019-76 
Shake well before using. 
Do not store above 86°F. 
Dispense in tight, light-resistant container (USP). 
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Maximum Dose 
Tablet or Suspension 


1000 mg/24 hours 


1000 mg/24 hours: 12-15 years 
1200 mg/24 hours: over 15 years 
1600 mg/24 hours: adults, in rare instances 


1200 mg/24 hours 
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Myotonia Fluctuans 


To the Editor—Ricker et al' recently 
described a family with an autoso- 
mally inherited myotonic disorder that 
they called myotonia fluctuans. There 
were no dystrophic features; it dif- 
fered from myotonia congenita and 
paramyotonia congenita in fluctuat- 
ing in severity, being unaffected by 
cold, and showing delayed worsen- 
ing after excercise. There were no ep- 
isodes of weakness, and the myotonia 
was exacerbated by potassium load- 
ing. We report similar features in an- 
other family, confirming that myoto- 
nia fluctuans is a clinically recogniz- 
able entity and emphasizing its rela- 
tively benign nature. 


Report of a Case.—A 22-year-old woman 
gave a history of myotonia from the age of 
9 years, at times causing painful spasms. 
The myotonia affected all her muscles, in- 
cluding the rectus abdominis muscle after 
sneezing. She had periods during which 
her symptoms worsened substantially for 
no definite reason; she felt that these fluc- 
tuations were loosely associated with 
spells of damp weather. There was no im- 
mediate change in the myotonia on re- 
peated voluntary contraction, but there 
was marked deterioration approximately 
1 hour later. For example, when she was 
jogging, her legs would “seize solid” after 
a few miles and this would be accompa- 
nied by spontaneous myotonia of the eye- 
lids causing eye closure. Similarly, if she 
swam more than a mile her limbs would 


become rigid and she developed myoto- 
nia of the extraocular muscles causing her 
eyes to become transiently fixed in posi- 
tions of extreme gaze. Providing that she 
avoided such activities she was able to lead 
a reasonably normal life. 

Examination revealed no dystrophic 
features, hypertrophy, or weakness. There 
was moderate myotonia of all muscles, 
with minimal percussion myotonia. Cool- 
ing of the forearms in water at 14°C had no 
effect; surface cooling with icepacks made 
the myotonia slightly worse but did not 
induce weakness. Oral potassium chlo- 
ride (total dose, 80 mmol) produced a 
marked increase in myotonia after 25 
minutes, which persisted for 2 hours; 
during this time, she developed severe 
generalized myotonia with spontaneous 
eye closure and paraspinal and lower limb 
rigidity in extension such that she was 
barely able to walk. The serum potassium 
level rose from 3.6 to 4.3 mmol/L at the 
onset of the deterioration. 

The results of routine blood tests were 
normal. An electromyogram revealed fre- 
quent myotonic discharges at rest in the 
tibialis anterior, biceps, and extensor dig- 
itor'um communis muscles, becoming 
more profuse after the potassium load; 
surface cooling induced a slight increase 
in myotonic discharges, but no dense 
fibrillation activity. There were no myo- 
pathic features, and nerve conduction 
studies yielded normal results. 

The patient’s mother was asymptom- 
atic, with no clinical evidence of myoto- 
nia; her electromyogram revealed abun- 
dant myotonic discharges at rest in the 
biceps and extensor digitoris communis 
muscles. The patient’s father was asymp- 


tomatic; his clinical and _ electromyo- 
graphic examination showed a mild sen- 
sory neuropathy attributable to diabetes. 
The patient’s brother was asymptomatic 
and declined examination. 


Comment.—This patient, together 
with her mother, show the features 
described by Ricker et al' as myotonia 
fluctuans, including probable autoso- 
mal dominant inheritance (with vari- 
able penetrance), fluctuation in sever- 
ity, delayed-onset exercise-induced 
myotonia, and marked exacerbation 
of myotonia with potassium loading. 
The clinical picture superficially re- 
sembles myotonia congenita, but it 
differs in the fluctuations and re- 
sponse to exercise; in myotonia con- 
genita, repeated contraction charac- 
teristically results in a reduction of 
myotonia, which the patient per- 
ceives as “loosening up,” whereas in 
this patient and those of Ricker et al 
there was no immediate localized ef- 
fect but a subsequent generalized 
increase in myotonia. This can be 
distinguished from the localized 
“paradoxical” increase in myotonia 
that rapidly develops over the course 
of a series of contractions in paramy- 
otonia congenita. 

Other differences from paramyoto- 
nia congenita include the patient’s 
responses to cooling and potassium 
load (Table), although, unlike Ricker 
et al, we observed a slight increase in 
myotonic discharges, but no dense fi- 


Differentiating Features in Myotonic Disorders 


Disorder 


Myotonia fluctuans 
myotonia 
Myotonia congenita 


Paramyotonia congenita 
myotonia 


Hyperkalemic periodic No effect 


paralysis 
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Repeated Contraction 


Delayed-onset increased 


Reduced myotonia 


Immediate-onset increased 


Maneuver 


Cooling 


No clinical change 


Increased myotonia 


No effect 





Increased myotonia, then flaccid 
weakness and silent electromyogram 


Potassium Load 


Increased myotonia 


No effect 


Weakness, sometimes with 
myotonia 


Flaccid weakness 
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brillation electromyographic activity 
on cooling. 

The classification of the myotonias 
remains less than wholly satisfactory, 
with many patients showing a mix- 
ture of clinical features; for example, 
cases of myotonia congenita with 
painful muscle cramps after exertion 
and cases of paramyotonia congenita 
without cold paralysis have been de- 
scribed.’ Ultimately, a definitive 
classification is likely to depend on 
elucidation of the underlying genetic 
defects, which probably involve ab- 
normalities of sarcolemmal ion chan- 
nels. In the meantime, we believe that 
this family provides further support 
for the existence of the clinical entity 
that Ricker et al have termed myotonia 
fluctuans. 

GRAHAM LENNOX, MRCP 

ALISTAIR PURVES, FRCP 

DAVID MARSDEN, FRS 

The National Hospital for 
Neurology and 
Neurosurgery 

Queen Square 

London WCIN 3BG 

United Kingdom 
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Cognitive Function in 
Late Lyme Borreliosis 


To the Editor —In their article, Krupp 
et al' have demonstrated the severity 
of memory impairments in late Lyme 
disease. However, the authors failed 
to consider that the patients exam- 
ined may have had active Lyme dis- 
ease at the time of their evaluation. 
The authors suggested that active 
infection was no longer present at the 
time of the cognitive dysfunction 
based on the lack of a correlation be- 
tween memory and magnetic reso- 
nance imaging findings or between 
memory and antibody levels in serum 
or cerebrospinal fluid samples. 
Krupp et al did not reference their use 
of antibody level or magnetic reso- 
nance imaging findings to show the 
absence of Lyme disease. Further- 
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more, the authors did not give rea- 
sons why 60% of subjects were not 
treated with intravenous antibiotics, 
despite their known efficacy in late 
Lyme disease. 

Logigian et al’ have demonstrated 
that patients with Lyme disease and 
impairments on neuropsychologic 
tests respond to intravenous treat- 
ment. These authors noted that more 
than half the patients had previously 
received antibiotic therapy that was 
thought to be appropriate for their 
stage of disease and they still re- 
sponded to treatment. 

It is suggested that active infec- 
tion has to be considered whenever 
cognitive dysfunction is observed in 
late Lyme disease. 

DANIEL J. CAMERON, MD, MPH 
175 Main St 
Mt Kisco, NY 10549 


1. Krupp LB, Masur D, Schwartz J, et al. 
Cognitive functioning in late Lyme borreliosis. 
Arch Neurol. 1991;48:1125-1129. 

2. Logigian EL, Kaplan RF, Steere AC. Chronic 
neurologic manifestations of Lyme disease. N 
Engl J Med. 1990;323:1438-1444. 


In Reply.—We appreciate Cameron’s 
comments and the opportunity to dis- 
cuss the management of patients with 
Lyme disease who have been previ- 
ously treated with oral antibiotics. Al- 
though objective cognitive deficits 
were present in 60% of our sample,’ 
we do not suspect that for most of the 
patients this was due to continued 
brain infection. Only one patient had 
intrathecal antibody synthesis. No pa- 
tient showed pleocytosis or protein 
level elevation in the cerebrospinal 
fluid. Therefore, we suspect that in- 
direct consequences of infection may 
be a better explanation for the con- 
tinued symptoms. In contrast to our 
group of patients where continued 
spirochetal infection was unlikely, 
Logigian and colleagues* noted that 
75% (18/24) of their patients with en- 
cephalopathy had abnormal findings 
in the cerebrospinal fluid, including 
intrathecal Borrelia burgdorferi—anti- 
body synthesis, pleocytosis, or pro- 
tein level elevation, findings which 
suggest that continued brain infection 
was present. 

The subsequent management of the 
patients with Lyme disease following 
neuropsychologic evaluation was not 
directly addressed in our article. 
Rather, we described the clinical fea- 
tures and antibiotic treatment history 


of the patients at the time they pre- 
sented for neuropsychologic evalua- 
tion. As Cameron correctly noted, nine 
of the 15 patients had received only 
oral antibiotics prior to neuropsy- 
chologic testing. Since cognitive 
testing was entirely normal in three 
of these patients, we did not expect 
additional antibiotic therapy to be 
effective and administered parent- 
eral antibiotic therapy to only one 
patient. In this case, the symptoms 
did not respond to additional anti- 
biotic treatment. In two patients, 
further examination revealed that 
psychologic factors may have been 
partially responsible for their symp- 
toms and these patients were re- 
ferred for psychiatric treatment. 

In the other six patients with dem- 
onstrated cognitive impairment, ad- 
ditional parenteral antibiotic therapy 
was offered. The results were as fol- 
lows: two patients treated with intra- 
venous therapy for 4 weeks did not 
improve and showed no change on 
repeated neuropsychologic testing 1 
year later; two patients improved fol- 
lowing parenteral antibiotic therapy, 
and repeated cognitive assessment 1 
year later confirmed the improvement; 
and two patients improved sponta- 
neously prior to administration of ad- 
ditional antibiotic therapy and de- 
clined further treatment. 

We interpret these results to mean 
that the response of Lyme encephal- 
opathy to repeated courses of antibi- 
otic therapy in the absence of abnor- 
malities in the cerebrospinal fluid is 
variable. This variable treatment re- 
sponse suggests that in many such 
patients with persistent symptoms 
continued brain infection is not the 
etiologic factor. 

LAUREN B. KRUPP, MD 

PATRICIA K. COYLE, MD 

Department of Neurology 

Health Science Center T12-020 

State University of New York, 

Stony Brook 
Stony Brook, NY 11794-8121 


JOHN J. HALPERIN, MD 
Department of Neurology 
North Shore University Hospital 
300 Community Dr 

Manhasset, NY 10013 
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Pneumocystis carinii 
Pneumonia Associated 
With Solid Ectopic 
Corticotropin-Producing 
Tumors 


To the Editor —We read with interest 
the review of cases of Pneumocystis 
carinii pneumonia (PCP) occurring in 
patients with primary brain tumors 
who were treated with long-term 
dexamethasone therapy.’ In their dis- 
cussion, Henson et al' note the well- 
documented association of PCP with 
the use of high-dose corticosteroids 
and the appearance of clinical pneu- 
monia as steroid doses are tapered. 
The authors state that reports of PCP 
among patients with solid tumors are 
rare and suggest that PCP may occur 
in a subset of patients with solid 
tumors, namely, those with brain tu- 
mors. They conclude that PCP in 
these patients is due to the use of 
high-dose corticosteroids. 

It is important to note that patients 
with solid ectopic corticotropin- 
producing tumors are also at risk for 
the development of PCP (and other op- 
portunistic infections). Graham and 
Tucker’ reviewed 23 cases of opportu- 
nistic infections (cryptococcosis, as- 
pergillosis, nocardiosis, and PCP) in 
endogenous Cushing’s syndrome. Of 
these, 12 patients had high-level hy- 
percortisolemia due to ectopic corti- 
cotropin production by a variety of 
solid tumors (small-cell lung carci- 
noma, pancreatic islet cell carcinoma, 
and others). In addition, opportunistic 
infections have also been reported in 
four patients with endogenous Cush- 
ing’s syndrome due to pancreatic islet 
cell carcinoma** and one patient with 
oat cell carcinoma.’ Fulminant PCP 
was noted to develop in association 
with somatostatin therapy and de- 
creasing cortisol levels in one case.° Al- 
though endogenous Cushing’s syn- 
drome due to ectopic tumor- 
associated corticotropin production is 
rare, mortality (17 of 19 reported cases) 
due to opportunistic infection in these 
patients is substantial.*’ Thus, early 
consideration of a variety of opportu- 
nistic pathogens (particularly P carinii, 
Aspergillus, Cryptococcus neoformans, 
and Nocardia asteroides) in the differen- 
tial diagnosis of unexplained pulmo- 
nary infiltrates in patients with both 
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exogenous and endogenous cortico- 
steroid excess is essential to direct suc- 
cessful antimicrobial therapy. 
DANIEL P. MCQUILLEN, MD 
Maxwell Finland Laboratory 
for Infectious Diseases 
Department of Medicine 
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Boston University School 
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Boston, MA 02118 
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In Reply.—The occurrence of Pneumo- 
cystis carinii pneumonia (PCP) in pa- 
tients with endogenous hypercorti- 
solemia, as pointed out by McQuillen 
and Sugar, supports the hypothesis 
that our patients with brain tumors 
were predisposed to develop PCP be- 
cause of glucocorticoid-induced alter- 
ations in their cellular immunity. 
Since our article was published, we 
have seen four additional cases of PCP 
in patients with brain tumor who were 
receiving high-dose steroid treatment. 
A second series of brain tumor patients 
with PCP is soon to be published.! 
Another line of evidence implicat- 
ing glucocorticoids in the abrogation 
of normal T-cell function is emerging 
from an understanding of their mo- 
lecular pharmacology. Glucocorticoid 
receptors are ligand-binding transcrip- 


tion factors. Following steroid bind- 
ing, they regulate transcription of spe- 
cific cellular genes. The ability of dex- 
amethasone to activate programmed 
T-cell death (apoptosis) is associated 
with transcriptional activation of TGF- 
B1 (a potent T-cell inhibitor), and sup- 
pression of interleukin 2 (T-cell growth 
factor) and interferon gamma expres- 
sion.’ Apoptosis appears to result from 
activation of an endogenous endonu- 
clease.? The bcl-2 proto-oncogene 
product can block dexamethasone-me- 
diated T-cell apoptosis.* These results 
demonstrate that glucocorticoids are 
potent mediators of cellular immu- 
nity. Clinicians must keep this in mind 
when treating patients with high doses 
of corticosteroids for prolonged peri- 
ods of time. 
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Regional Cerebral Oxygen Consumption, Blood Flow, 
and Blood Volume in Healthy Human Aging 


Gilles Marchal, MD; Patrice Rioux, MD, PhD; Marie-Christine Petit-Taboué, MD; Giuliano Sette, MD; 
Jean-Marcel Travére, PhD; Claude Le Poec; Patrick Courtheoux, MD; Jean-Michel Derlon, MD; Jean-Claude Baron, MD 


e Using high-resolution positron emission tomography and 
the oxygen 15 continuous inhalation method, we examined 
the changes in cerebral metabolic rate of oxygen, blood 
flow, blood volume, and oxygen extraction fraction as a 
function of age in 25 optimally healthy, unmedicated 
volunteers who ranged in age from 20 to 68 years. Subjects 
were strictly selected for absence of cerebrovascular risk 
factors, dementia, or mental disorders; they had neither bi- 
ological nor clinical abnormalities, and no focal anomaly on 
computed tomographic scan. Regions of interest were de- 
termined according to the anatomical structures defined on 
corresponding computed tomographic scan cuts obtained 
using a stereotaxic head-positioning method. This same 
method was also used for positron emission tomographic 
imaging. There was no significant effect of aging on Paco, 
values, hematocrit, arterial blood pressure, cholesterol and 
triglyceride levels, and blood glucose levels. In most cere- 
bral cortex gyri, the cerebral metabolic rate of oxygen sig- 
nificantly decreased with age according to a linear pattern, 


AS the proportion of elderly persons in industrialized 
countries steadily increases, there is an urgent need 
to better understand the effects of aging on brain function. 
In such studies, however, one key issue is strictly to 
distinguish healthy from so-called normal aging, which 
includes age-related subclinical disease, eg, insidious cog- 
nitive or cerebrovascular impairment, arterial hyperten- 
sion, diabetes, and hypercholesterolemia. 
- Cerebral blood flow (CBF) and cerebral metabolic rate of 
' oxygen (CMRO,), which reflect integrated synaptic activ- 
ity, have long been used as functional markers to study 
brain aging; however, the results of studies performed 
with classic methods (eg, Kety-Schmidt, xenon 133 inhala- 
tion) have been controversial.’ More recently, oxygen 15 
positron emission tomography (PET), which provides both 
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with the same magnitude (about —6% per decade) in all 
four lobes and on both sides. This effect of age on cortical 
cerebral metabolic rate of oxygen persisted when the possible 
influence of cortical atrophy, gender, and head size were par- 
tialled out. In contrast, the white matter, deep gray nuclei, 
thalamus, and cerebellum were not significantly affected. The 
cerebral blood volume declined with a similar pattern to ce- 
rebral metabolic rate of oxygen, while changes in cerebral 
blood flow were less significant, presumably because of larger 
variance of data across subjects. Aging left the cerebral blood 
flow-cerebral blood volume-cerebral metabolic rate of ox- 
ygen coupling unaltered, as shown by lack of changes in both 
the oxygen extraction fraction and the cerebral blood flow- 
cerebral blood volume ratio. The selective decrease of oxygen 
metabolism in neocortex during normal aging could result 
from the combined effects of direct neuronal loss, cellular bi- 
ological impairment, and functional deafferentation, and 
could underlie or reflect age-related cognitive changes. 
(Arch Neurol. 1992;49:1013-1020) 


CBF and CMRO, in multiple brain regions, has been used 
in a few studies, but their results have also been discrep- 
ant, especially with respect to (1) the distribution of effects 
among cerebral cortex regions; (2) the involvement of sub- 
cortical gray nuclei, white matter, and cerebellum; (3) the 
uniformity of effects for right and left sides; and (4) the 
similarity in the effects on CBF and CMRO,. Among the 
factors that may explain such discrepancies stand the lim- 
ited spatial resolution of the PET devices used and, above 
all, the rather loose criteria for normality employed. As of 
late, the need to study brain function in healthy aging in 
contrast to “normal” aging has been strongly reempha- 
sized.° In the present work, we have studied optimally 
healthy, unmedicated subjects in whom CBF, CMRO,, ox- 
ygen extraction fraction (OEF), and cerebral blood volume 
(CBV) were measured using a high-resolution PET camera. 


SUBJECTS AND METHODS 
Subjects 


We studied 25 optimally healthy volunteers whose ages ranged 
from 20 to 68 years, equally distributed in five decades (Table 1). 
They were all right-handed and had similar educational back- 
grounds (at least 7 years of education). All were living at home 
and were enrolled in this investigation based on normality 
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Table 1.—Distribution of Subjects According to 
Five Age Groups 


Mean 
(+1 SD) Age, y 
23.6+3.0 
22,6225 
44.4+3.0 
51.6+1.8 
64.0+1.9 


Group 
= Range, y) 


20-29) 
30-39) 
40-49) 
4 (50-59) 
9 ) 


of clinical, biological, computed tomographic (CT) scan, and 
neuropsychological data. 

Clinical Examination.—Subjects’ clinical examinations (per- 
formed by G.M.) yielded the following information: (1) strictly 
normal clinical results (except for two subjects, in whom a slight 
asymptomatic cardiac murmur was heard); (2) body weights 
within normal ranges; (3) no vascular risk factors (except smok- 
ing in three subjects who consumed fewer than 10 packs per year); 
(4) no alcohol or coffee abuse, according to Diagnostic and Statis- 
tical Manual of Mental Disorders, Revised Third Edition” criteria; (5) 
blood pressure within normal limits; (6) no history or clinical ev- 
idence of sensorineural loss, dementia, or psychiatric disorder; 
and (7) no current use of medication (except birth control pills in 
one 20-year-old woman). 

Biological Screening.—Blood cell count, liver function test re- 
sults, and measures of electrolyte, blood glucose, cholesterol, and 
triglyceride levels were within normal limits. The cholesterol 
level was slightly above the upper normal limit in three subjects, 
but the ratio of total cholesterol to high-density lipoprotein cho- 
lesterol remained within the normal range, indicating a low risk 
for atherogenesis. 

Brain CT Scan.—A CT scan (resolution, 1.5X1.5X5.0 mm, x, y, 
z) was performed in each subject using a CGR ND-12000 model 
scanner (Compagnie Générale de Radiologie, Buc, France). We 
also used the same stereotaxic positioning procedure as we had 
used for PET scanning (see below). Lacunes, leuko-araiosis, or 
significant atrophy was not observed in any subject. 

Neuropsychological Examination.—The neuropsychological 
examination was performed by a clinical psychologist (M. Dary, 
MPsych, unpublished data, November 1989 through June 1990). 
We performed an IQ measurement, verbal automatisms test, ver- 
bal span, visual span, Rey 15-word test, Wechsler Memory test, 
Stroop test, modified Brown Petterson paradigm, and a verbal 
fluency test. Results of all these studies were within normal 
ranges in each subject, allowing us to exclude insidious cognitive 
impairment in our sample. 

PET Procedure.—We used a high-resolution, seven-slice PET 
camera (LETI TTV03, 5.75.7X8.8 mm, x, y, z, at center, direct 
slice, Laboratoire d’Electronique et de Techniques Informatiques, 
Grenoble, France) according to the physical characteristics de- 
scribed by Mazoyer et al." The standardized procedure for all PET 
studies was as follows: To minimize anxiety, the PET procedure 
was explained in detail beforehand. Following local anesthesia 
and Allen’s test, a thin catheter was inserted in one radial artery 
for blood sampling. To obtain adequate contention, and to con- 
trol the position of the patient’s head, a Laitinen stereotaxic frame 
(Issal Surgical Instruments, Stockholm, Sweden) was fitted to the 
subject’s head and then screwed onto the PET couch. We used a 
method derived by Fox et al’ for positioning, based on the 
glabella-inion (GI) line determined on a lateral skull roentgeno- 
gram. The GI line is virtually always parallel to the axis between 
the anterior and the posterior commissures,’ allowing one to de- 
fine the PET planes according to a brain stereotaxic atlas.” The 
PET camera was then tilted according to references from the 
Laitinen frame to obtain an orientation parallel to the GI line, and 
the couch was positioned so that the seven planes corresponded 
to the following levels relative to the GI line: —4, +8, +20, +32, 
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+44, +56, and +68 mm, respectively. According to Fox et al,’ 
these levels correspond on average to the following levels relative 
to the bicommissural (anterior-posterior commissurae) line: —25, 
—13, —1, +11, +23, +35, and +47 mm, respectively; the same 
procedure was used to obtain corresponding CT scan cuts. 

During the whole study, which lasted about 90 minutes, sub- 
jects kept their eyes closed and remained motionless; their ears 
were not occluded. The only ambient noise was that related to the 
gantry motion. To correct the emission scans for tissue photon at- 
tenuation, a transmission scan (about 10 million counts per plane) 
was performed using an external source of germanium 68. To 
measure CBF and CMRO,, the positron-emitting radionuclide 
used was oxygen 15 (2.1 minutes radioactive half-life) produced 
on site by a baby cyclotron (model MeV 325, Compagnie Générale 
de Radiologie). We used the O steady-state inhalation tech- 
nique” employing successively 'O-carbon dioxide and "O-O, 
and including correction for intravascular tracer with “O-carbon 
monoxide." The gases were delivered at trace doses in air and 
were inhaled via a loosely fitted plastic oxygen face mask. Gas 
flow and radioactivity concentrations were continuously moni- 
tored and controlled to obtain perfect stability. Rates of radioac- 
tivity delivery of "O-CO, °O-O,, and °O-CO, at face mask level 
were 407, 518, and 222 MBq/min, respectively. 

A plastic hood placed above the face was connected to an air 
extraction device to remove excess radioactivity. Following onset 
of radioactive gas inhalation, coincident count rate was monitored 
for each camera detector ring until steady state was reached, 
which took about 7 minutes for °O-CO and 10 minutes for both 
O-O, and *O-CO;. Acquisition was then commenced, allowing 
us to acquire about 3, 5, and 7 million counts for the seven planes 
for °O-CO, °O-O;, and '°O-CO;, respectively (10 minutes’ acqui- 
sition for each gas). 

During each of the three acquisition periods, three pairs of ar- 
terial blood samples were collected,"° one at the onset of scanning, 
one at the middle course, and one at the end of the acquisition 
period. These samples (whole blood and plasma) were counted 
for radioactivity concentration in a well counter that was carefully 
cross-calibrated with the PET camera according to a weekly pro- 
cedure. Following exclusion of occasional aberrant values,” the 
arterial values were averaged for further uses. With respect to 
'O-CO, plasma radioactivity was counted to exclude contamina- 
tion with °O-CO, above 0.5%,'8 which was confirmed in each 
subject. Arterial blood gas, oxygen saturation, arterial hemoglo- 
bin, pH, carboxyhemoglobin, and hematocrit values were also 
measured at the same times. This allowed us to calculate the ar- 
terial oxygen content (milliliters of oxygen per milliliter) accord- 
ing to the following formula: Arterial oxygen content=arterial 
oxygen saturation X1.34x hemoglobin value. The CO level was 
always below 5%, indicating lack of toxic exposure during this 
procedure." Blood pressure and heart rate were monitored at 
regular intervals. These studies have been approved by the eth- 
ical committee at the University of Caen (France). Subjects gave 
written consent to the procedure. 


Data Analysis 


First, the seven images obtained during each acquisition period 
were processed for intravascular tracer correction’ and °O-O,- 
"O-CO, division." Then the '°O-CO) division and '°O-CO images 
were transformed pixel by pixel into CBF, OEF, and CBV images, 
respectively, according to validated equations making use of the 
pixel value (expressed in becquerels per pixel) and cross- 
calibrated arterial blood radioactive concentration, according to 
published methods.'’'*’” (Because of technical reasons, the 
'SOQ-CO and, in turn, the CBV data were not available in one sub- 
ject. In this subject, the OEF data were corrected according to the 
nomogram of Pantano et al.'*) Finally, the CMRO, image was 
created using the following formula: CBF XOEF Xarterial oxygen 
content on a pixel-by-pixel basis. 

Using matched CT scan cuts, 103 regions of interest (ROIs) were í 
defined on the seven 'O-CO, slices and then translated on the 
CBF, OEF, CMRO,, and CBV images. The ROIs used were circu- 
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ACPC +47 mm 


ACPC +35 mm 
ACPC +23 mm 
ACPC +11 mm 
ACPC -1 mm 
Rectal Gyrus (11) 
ACPC -13 mm Superofrontal Gyrus (21, 12, 13, 14, 15, 16) 
ACPC -25 mm Intermediate Frontal Gyrus (22, 23, 24, 25, 26) 


Inferofrontal Gyrus (32, 33, 34) 

Orbitofrontal Gyrus (31) 

Precentral Gyrus (43, 44, 35, 36) 

Cingulate Gyri (92, 143, 104, 114, 95) 
Hippocampal Region (20, 71) 
Superotemporal Gyrus (41, 42, 53, 64) 
Intermediate Temporal Gyrus (51, 52, 63, 74) 
Inferotemporal Gyrus (10, 61, 62, 73) 
Superoparietal and Inferoparietal Lobules (55, 65, 46, 56) 
Postcentral Gyrus (54, 45) 

Cuneus (103, 75) 

Postero-occipital Region (93, 84, 66) 

Lateral Occipital Region (83) 

White Matter (94, 85) 

Caudate Nucleus (133) 

Lenticular Nuclei (72, 82, 123) 

Thalamus (102, 113) 

Pons (60) 

Vermis (50) 

Cerebellar Hemisphere (30, 40) 


Fig 1.—Distribution of regions of interest (ROIs) in the seven slices parallel to the axis between the anterior and posterior commissures (ACPC), and 


method of averaging ROI values into mean gyri or structure values. 


lar with a diameter of 14 pixels (14 mm, [ie, greater than twice the 
camera lateral resolution]) according to the standardized proto- 
col of Lebrun-Grandie et al.? For the cerebral cortex, the ROIs 
were positioned tangential to the brain outline (computer-drawn 
isocontour) representing 60% of the maximum pixel radioactiv- 
ity. We used the Matsui-Hirano” neuroanatomical and Talairach- 
Tournoux" stereotaxic atlases to localize the anatomical struc- 
tures on corresponding CT scan cuts. We took special care to 
avoid positioning the ROIs over the venous sinuses, and a few 
ROIs had to be discarded because displacement to avoid the 
venous sinuses would have been excessive. Because of their 
proximity to O-contaminated frontal and ethmoidal aerial sinus, 
only the anterior part of the rectal gyrus and the external part of 
the orbitofrontal gyrus were analyzed. We did not attempt to an- 
alyze separately the right and left cingulate gyri because of their 
anatomical contiguity. 

Figure 1 shows the standardized distribution of the 103 ROIs 
used in this study as well as the method of averaging original ROI 
values into mean gyri or structure values. Using CT scans, corti- 
cal atrophy was independently rated by three neurologists (G.M., 
J-C.B., and Fausto Viader, MD) unaware of the subject’s age, ac- 
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cording to a subjective scale as absent (0), slight (1), moderate (2), 
or severe (3). An average score of atrophy was then calculated for 
each subject. In addition, an index of head size was obtained in 
each subject by summing over five contiguous CT cuts (from GI 
of +20 to +68 mm) the integrated area inside the skull contours 
(determined automatically by a video image analyzer, model 
RAG 200, BIOCOM, Les Ulis, France). 


Statistical Analysis 


We used a two-step strategy. The initial step was an analysis of 
variance (ANOVA), performed on the data (CMRO,, CBF, OFF, 
or CBV) classified into five age groups. First, the different circu- 
lar ROIs within a given gyrus or structure were separately ana- 
lyzed by ANOVA to assess whether they behaved similarly 
according to age. This being verified in all instances, the mean gyri 
or structure values were then analyzed using the same ANOVA 
procedure. For those gyri that demonstrated a significant age ef- 
fect by ANOVA, the data from the 25 subjects were subjected in 
a second step to a linear regression (Pearson) to assess whether 
the effect detected by ANOVA actually represented a linear de- 
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Table 2.—Biological and Physiological Data in Five Groups According to Age* 


42.8+2.0 
0.44+0.03 


Paco, mm Hg 
Hematocrit 


Blood pressure, mm Hg 
Systolic 
Diastolic 


127+8 
6911 


oe et E 
1.2+0.4 
4.6+0.5 


*Data are given as mean+SD throughout. 


Cholesterol, mmol/L 
Triglycerides, mmol/Lt 


Blood glucose, mmol/L 


41+1.7 
0.41 +0.04 


128+10 
74+11 


5.4+0.9 
0.90.5 
6.11.5 





Age Group, y 


40-49 
40.4+1.8 
0.38+0.02 


39.1 ou 
0.39+0.04 


42.4+2.9 
0.38+0.06 


128+7 
fia 


4.9+0.5 
L.1260,5 
5.10.2 


135173 
a 


6.6+1.4 
0.9+0.2 
5.0+0.6 


134411 
73412 


5.6+1.0 
0.9+0.5 
4.4+1.5 





tFor the triglyceride level, the marginally significant effect by analysis of variance (P<.05) was not due to a linear increase by Pearson test. 


Table 3.—Statistical Analysis of Regional CMRO,, CBF, OEF, and CBV Values as a Function of Age* | 


CMRO, 


CBF OEF CBV 


[Se uae o@° Ot MO ee eee sk ee ge ee an 


P 


ANOVA Pearson 


Superofrontal gyrus 


Intermediate frontal 
gyrus 


Inferofrontal gyrus 
Precentral gyrus 


Cingulate gyri 
Hippocampal region 


Superotemporal gyrus 


Intermediate temporal 
gyrus 


Inferotemporal gyrus 


Superior and inferior 
parietal lobules 


Postcentral gyrus 
Cuneus 


Posterior occipital 
region 


ANOVA 


P F P 


Pearson ANOVA Pearson ANOVA Pearson 





*CMRO), indicates cerebral metabolic rate of oxygen; CBF, cerebral blood flow; OEF, oxygen extraction fraction; CBV, cerebral blood volume; 
ANOVA, analysis of variance; and NS, not significant. The only regions given are those with significant ANOVA results; no significance was found 
for the rectal, orbitofrontal, lateral occipital, left hippocampal, and subcortical regions. For each structure given, the ANOVA results are given; if, 
and only if, the ANOVA showed significant results, a Pearson’s linear regression would then be performed. 


crease as a function of age. Finally, mean gyri values were averaged 
according to the four cerebral lobes. Correlation between brain at- 
rophy scores and age were assessed by Spearman’s Rank Test. To 
investigate the possible contribution of cortical atrophy, gender, 
and head size to the relationships observed between whole-cortex 
CMRO, and age, we used multiple linear regressions and partial 
correlations, taking the former three variables as independent and 
the latter two as dependent. 
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RESULTS 
Biological and Physiological Data 


Results are summarized in Table 2. Using ANOVA, there 
was no significant effect of age on blood pressure, 
PacO,,hematocrit, cholesterolemia, or blood glucose value. 
A significant effect of age on triglyceride values was ob- 
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Fig 2.—Significant linear correlations between cerebral blood flow (CBF) and cerebral metabolic rate of oxygen (CMRO)) (top left; r=.76, P<.01), 
oxygen extraction fraction (OEF) and CBF (top right; r=.59, P<.01), and CBF and cerebral blood volume (CBV) (bottom left; r=.55, P<.01) in the 
left frontal lobe in our healthy population of varying age. There was a nonsignificant correlation between the CBF/CBV ratio and age in the left frontal 
lobe (bottom right). Similar results were found for the other cerebral lobes on both sides. 


served, but this effect was ambiguous as the values 
remained within normal limits in all five age cohorts and 
exhibited no significant linear increase with age. 


PET Data 


Table 3 summarizes the results of ANOVA (completed, 
when significant, by Pearson’s linear regression analysis) 
regarding the age-related effects on CMRO,, CBF, OEF, 
and CBV values obtained in all analyzed cortical gyri and 
subcortical structures. First, no significant effects were ob- 
served in white matter and subcortical structures for any 
measured variable. Second, with respect to cortical gyri, 
the ANOVA disclosed highly significant effects of age on 
CMRO, (significant in 24 of 31 gyri), which in 21 instances 
were further characterized as significant linear decreases 
by Pearson’s regressions. Thus, these age-related effects 
affected all gyri except the rectal gyrus, the orbitofrontal 
gyrus, the hippocampal region, and the lateral occipital 
region and were symmetrically distributed, except for the 
inferotemporal gyrus and the cuneus, which showed con- 
sistently significant effects of aging on the right side only. 
The CBV gyri values showed essentially the same effects 
of age as CMRO,, while CBF effects, although significant 
by ANOVA in 10 of 31 gyri, were identified as weakly sig- 
nificant linear decreases in only two frontal gyri. One of the 
factors that may explain these discrepancies between 
ANOVA and linear regression analysis, especially for CBF, 
is the variance of data across the 25 subjects, which aver- 
aged 18% and 17% (coefficients of variation) for CMRO, 
and CBV, respectively, but ranged from 19% to 32% for 
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CBF. No consistently significant effect of aging was ob- 
served for OFF in any region. 

When the various gyri were averaged into lobar values, 
there were significant positive linear correlations between 
mean lobar values of CBF and CMRO, and between CBF 
and CBV, and significant negative correlations between 
CBF and OEF, for each of the four lobes and on each side. 
As an illustration, Fig 2 (top left and right, bottom left) 
shows these findings for the left frontal lobe. The mean lo- 
bar CBF/CBV ratio was not significantly related to age for 
any of the four cerebral lobes (Fig 2, bottom right). Lobar 
CMRO, showed statistically significant linear declines 
with advancing age, which were of the same magnitude for 
each of the four cerebral lobes on each side (about 6% per 
decade) (Fig 3). The left-right ratios between homologous 
lobes were not significantly affected by age. With respect 
to CBF, the ANOVA disclosed significant effects of age in 
both frontal lobes, in the right temporal lobe, and in the 
right occipital lobe, but, as was already the case for gyri 
values, the linear regression analysis showed no significant 
correlation between lobar CBF and age. The CBV de- 
creased with advancing age with a linear pattern in the 
right and left frontal lobes (r=—.55 and —.57, respectively; 
P<.01), the right and left temporal lobes (r=—.50, P<.05 
and r=—.55; P<.01, respectively), and the left parietal lobe 
(r=—.51; P<.05). 

The average score of cerebral atrophy ranged from 0 in 
11 volunteers to a maximum of 1.33 in two; Spearman’s 
Rank Test showed a significant relationship of increasing 
atrophy with age (P<.01). Multiple linear regressions 
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Fig 3.—Significant negative linear correlations between age and cerebral metabolic rate of oxygen (CMRO,) in the cortex of all four left cerebral lobes 
(Pearson’s linear regression analysis). Top left, frontal lobe (r=.52, P<.01); top right, temporal lobe (r=.43, P<.05); bottom left, parietal lobe (r=.57, 
P<.01); and bottom right, occipital lobe (r=.49, P<.05). Similar results were obtained on the right side. 


showed no significant relationships between whole-cortex 
CMRO, and gender, cortical atrophy, and head size. When 
the contribution of these three variables was partialled out, 
the significant correlation between whole-cortex CMRO, 
and age (r=—.497; P<.01) not only persisted but was actu- 
ally slightly strengthened (r=—.514; P<.01). 


COMMENT 


Our cross-sectional study on the changes in cerebral ox- 
ygen metabolism and blood flow as a function of age is 
unique in that it controlled for several key issues. First, we 
have investigated aging in healthy subjects and selected 
subjects based on strict criteria (see “Subjects and Meth- 
ods” section). That our sample was optimally healthy is 
supported by (1) the lack of significant effect of age on 
blood pressure and cholesterol, triglyceride, blood glu- 
cose, and hematocrit values, indicating that our subjects 
were essentially free from vascular risk factors (apart from 
aging itself); (2) the fairly high educational levels and the 
normal IQs observed, which are predictors of optimal 
health***; and (3) the lack of cognitive impairment or early 
dementia on formal neuropsychological tests. Further- 
more, our PET data across our 25 subjects show the previ- 
ously demonstrated physiological coupling between lobar 
values of CBF and CMRO,, CBF and OFF, and CBF and 
CBV°» (Fig 2, top left and right, bottom left), while the 
CBF/CBV ratio, a reliable index of cerebral perfusion re- 
serve,* was not affected by age (Fig 2, bottom right). 
These findings, together with the CT scan data and the lack 
of OFF increase, further support the absence of significant 
subclinical cerebrovascular disease in our population.” 
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Second, we used a stereotaxic positioning of the subjects 
during PET scanning and obtained corresponding CT scan 
cuts using the same procedure. This allowed us to stan- 
dardize the ROI analysis and hence the anatomical accu- 
racy of ROI placement and reproducibility across subjects. 
Third, we have made considerable efforts to ensure opti- 
mal quality control for PET data using the *O steady-state 
technique. This is illustrated by the relatively narrow co- 
efficients of variation observed for and the excellent corre- 
lation found between mean lobar values of CBF and 
CMRO, (Fig 2). Fourth, we used a high-resolution PET 
camera that minimizes partial volume effects, which 
allowed us to sample individual gyri and subcortical 
structures. 

Both the ANOVA and Pearson’s linear regressions were 
consistent in disclosing a highly significant age-related 
decrease of CMRO, in the entire cortical mantle; only a few 
gyri were not significantly affected. These results are glo- 
bally in agreement with four previously published 
reports.” However, Itoh et al% recently reported no 
decline of CMRO, in healthy subjects whose ages ranged 
from 50 to 85 years. Since, as a result of our very strict 
screening for optimal health, we were unable to identify 
unmedicated, strictly healthy volunteers older than 68 
years in sufficient number, our data do not allow us to rule 
out the possibility that CMRO, remains stable after 50 
years of age. To investigate the possibility that cortical at- 
rophy (which, although absent or very slight, increased 
significantly with age in our sample) could account for the 
significant relationship between cortical CMRO, and ag- 
ing, we performed multiple regression analysis and partial 
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correlations, which demonstrated no interference of atro- 
phy with the above-mentioned relationship. In other 
words, both cortical atrophy and oxygen consumption 
were significantly related to age, but independently from 
one another. A similar statistical analysis showed no sig- 
nificant interference of two other potentially confounding 
variables with the CMRO,-age relationship: head size 
(which is known to affect volumetric brain glucose use,” 
although this effect has not been demonstrated for 
CMRO,°) and unequal gender distribution across age.**”’ 

We found a rate of decline of cortical CMRO, of about 
6% per decade, consistent with earlier studies, and of 
similar magnitude in gyri of all four cerebral lobes. We 
found no evidence for the preferential frontal decline 
reported in two studies, ™®™® but not in four others,****! two 
of which were carried out on strictly screened subjects.**”! 
Apart from health status, other potential factors were the 
quiet environment during PET study and the efforts made 
to reduce anxiety.” 

In our study, the age-related cortical metabolic decline 
was symmetrical, consistent with earlier reports.’ Only 
Yamaguchi et al* reported preferentially left-sided effects. 
Apart from neocortex, we also found an age-related 
decline in CMRO, in the cingulate gyri and a trend in the 
right hippocampal region, in agreement with earlier 
studies.* 

In contrast to the cerebral cortex, the oxygen consump- 
tion in noncortical structures remained remarkably unaf- 
fected by aging. The lack of change in white-matter CMRO, 
agrees with earlier studies** except one, which used a 
low-resolution camera and a method for ROI that could 
have overestimated any age effect. With respect to the 
thalamus and basal ganglia, our findings also concur with 
earlier reports," although Yamaguchi et alf noted a 
CMRO, decline in the caudate and right lenticular nuclei. 
All studies including ours conclude that the cerebellar ox- 
ygen consumption is not influenced by age.*” 

The trend of decline of cortical blood flow with aging 
suggested by the ANOVA is presumably secondary to re- 
duced CMRO,, as shown by the remarkable stability of 
OEF across age, which indicates unaltered CBF-CMRO, 
coupling. The larger dispersion of measured CBF values 
across subjects probably explains why the linear regression 
analysis reached significance in only two cortical frontal 
regions, while in several other gyri it fell short of statisti- 
cal significance (Table 3). Our findings are essentially sim- 
ilar to those of Leenders et al? and Yamaguchi et al! 
(although Paco, increased with age in the latter study) 
and differ only from one study’ of poorly screened 
subjects. The significant CBV decrease with age observed 
herein likely reflects the physiological CBF-CBV-CMRO, 
coupling.’ 

The age-dependent decrease in cortical CMRO, ob- 
served herein in healthy subjects could partly reflect age 
differences in mental activity during the PET procedure’ or 
subtle age-related sensory impairment. A more likely pos- 
sibility is a combined effect of progressive cortical neu- 
ronal loss*** (which apparently affects the intracortical 
neurons before those cells that have long myelinated 
axons™) and loss of dendritic spines and arborization.” 
Although new dendrites appear to compensate partially 
for this loss,” these newly established contacts may not be 
fully functional. In addition to morphological changes, 
purely functional alterations of aging neurons may also 
affect CMRO,. Thus, animal studies suggest age-related 
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declines in the activity of the synaptosomal sodium- 
potassium pump,” while peroxidation reactions develop 
in mitochondria.” In vitro mitochondrial oxygen con- 
sumption is also reduced in aged animals.” Similarly, both 
density and synthesis rate of some receptors fall with age.” 
Finally, functional deafferentation of cerebral cortex could 
be involved, although loss of classic neurotransmitters in 
the cortex with aging is controversial.*!“* Combination of 
the above-mentioned effects would account for the prefer- 
ential decline of CMRO, in the cortex, as observed herein. 
Declines in both cortical oxygen metabolism and glucose 
utilization® in healthy aging could underlie and/or reflect 
the behavioral changes that accompany senescence. 


We wish to thank M. Dary, MPsych, for neuropsychological 
assessment, P. Lochon for cyclotron operation, N. Ravenel and V. 
Beaudouin for help with data analysis, D. Luet for PET positioning 
procedure, E. Jouan for blood radioactivity determinations, and B. 
David for secretarial help. 

The statistical analysis was carried out by Dr Rioux on BMDP sta- 
tistics software (University of California, Berkeley). 
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Neurocognitive Effects of Aluminum 
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Lisa Wieler; Janice Herron; Louis Gimenez, MD 


e The neurocognitive effects of aluminum (Al) were studied 
in 35 hemodialysis patients. Higher Al levels were associ- 
ated with a decline in visual memory. As Al levels increased, 
patients with lower vocabulary scores (a measure of pre- 
morbid intelligence) showed a decline in attention/ 
concentration, frontal lobe functions, and on several neu- 
rocognitive measures, while those with higher vocabulary 
scores revealed no Al-related decline. These results suggest 
that individuals with lower verbal intelligence may possess 
less well-developed compensatory strategies to overcome 
the neurocognitive effects associated with Al. These data 
also indicate that Al is neurotoxic and, therefore, potential 
sources of environmental Al should be identified and 
eliminated. 
(Arch Neurol. 1992;49:1021-1026) 


luminum (Al) is hypothesized to be a potential toxic 
agent in the cause of Alzheimer’s disease, Guamian 
amyotrophic lateral sclerosis, Parkinson’s dementia, and 
dialysis encephalopathy.'* The possible neurotoxicity of 
Al warrants further investigation, not only as it relates to 
specific neurologic diseases, but also because of the poten- 
tial effects that Al may have on public health. Acid rain re- 
sults in increases of Al content in surface water, which 
could affect large populations detrimentally. Although the 
evidence suggests that Al may cause neuropathology, the 
data are not conclusive and the neurocognitive sequelae of 
Al have not been rigorously studied. 

The neurotoxicity of Al has been studied most exten- 
sively in dialysis patients who have developed dialysis 
encephalopathy (DE). Dialysis encephalopathy, first de- 
scribed in 1972, consists of dementia, speech dis- 
order, apraxia, myoclonus, asterixis, and abnormal 
electroencephalography.***"* In autopsy studies of DE 
patients, high levels of aluminum were found in bone, 
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liver, and brain (gray matter).*” Sources of Al include 
high Al content in the water used to make up the 
dialysate and ingestion of Al-containing compounds for 
purposes of phosphate binding.’’* Although the associ- 
ation between increased levels of Al and DE have been 
reported, the association between the Al level and neu- 
rocognitive functioning has not been studied in dialysis 
patients without clinical evidence of DE. 

Former studies of the Al level and neurocognitive per- 
formance have failed to use objective, standardized neu- 
rocognitive tests.*'? These studies have used baseline 
serum AI level (a reflection of recent Al dose) instead of 
using serum Al levels after the administration of deferox- 
amine (an Al chelating agent), which more accurately re- 
flects the body burden of Al.’”'®’” The primary aim of this 
study was to investigate the association between alumi- 
num levels and neurocognitive functioning in patients on 
hemodialysis without neurologic evidence of dialysis en- 
cephalopathy. To our knowledge, this is the first study to 
examine this association using both an extensive battery of 
standardized neurocognitive tests and a measurement 
of body burden of aluminum (post-deferoxamine 
administration). 


SUBJECTS AND METHODS 
Subjects 


Patients were recruited from dialysis units at three area hospi- 
tals and were not paid for their participation. Patients were 
excluded if they had a history of a neurologic or psychiatric dis- 
order or were seropositive for human immunodeficiency virus. 
We examined 35 patients on hemodialysis, with a mean age (+SD) 
of 51+14 years (range, 20 to 75 years) and a mean level of edu- 
cation of 11+4 years (range, 0 to 16 years). Seventeen men and 18 
women were tested. The duration of time on dialysis ranged from 
1 month to 10.5 years (mean [+SD] duration, 3.8+3 years). Mean 
serum creatinine concentration (+SD) for the group was — 
1299+309 pmol/L (range, 574 to 1874 pmol/L), and mean (+SD) 
serum urea nitrogen was 26.3+6.7 mmol/L (range, 13.5 to 41.0 
mmol/L). Mean (+SD) baseline serum aluminum level before 
administration of deferoxamine was 42+40 pg/L (range, 5 to 
162 ug/L), and post-deferoxamine aluminum levels ranged from 
25 to 630 ug/L, with a mean of 170+167 ug/L. 


Procedures 


Patients were dialyzed three times a week using water purified 
by a charcoal filter and reverse osmosis. The chemical analysis of 
treated water used for hemodialysis was performed twice a year, 
showing concentrations of possible contaminants well within the 
accepted ranges, of the Association for the Advancement of 
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Medical Instrumentation published standards. Aluminum levels 
were 0.08 ug/L (routine accepted level, 0.1 ug/L). Baseline serum 
Al levels were taken just prior to dialysis. Patients were given a 
single dose of deferoxamine (40 mg/kg of body weight intrave- 
nously via an intravenous infusion pump at 70 mL per hour) ad- 
ministered over 2 to 3 hours. While most investigators report ad- 
ministering deferoxamine during dialysis, we administered 
deferoxamine after dialysis so that the maximal dose of deferox- 
amine was retained and not partially dialyzed out of the patient 
thus providing a more accurate measurement of Al body burden. 
Blood specimens were drawn 48 hours after administration of 
deferoxamine prior to starting the next dialysis session. For each 
blood sample, approximately 10 mL of whole blood was collected. 
Plasma Al levels were quantified using flameless atomic absorp- 
tion spectrometry. Serum urea nitrogen and creatinine were 
measured within 1 week of the neurocognitive assessment. 

Each patient completed a demographic questionnaire and was 
administered a battery of neurocognitive tests prior to deferox- 
amine administration. Neurocognitive testing was performed 24 
to 36 hours after a dialysis session because this has been shown 
to be the optimal time for cognitive testing since metabolic and 
electrolyte changes are at their minimum." A self-rated, 20-item 
symptom depression scale known as the (CES-D)”’ was given at 
this time. The cognitive domains that were assessed and the tests 
used to assess them are summai ized in Table 1. A brief neurologic 
examination was also administered at this time. This included the 
assessment of tremor, myoclonus, asterixis, smell, pin prick, and 
vibration. These were rated on a 0 (greatest symptom severity) to 
4 (symptoms not present) scale. Informed consent was obtained 
from all patients and this research protocol was approved by the 
Institutional Review Board. 


Data Analyses 


To determine the specific cognitive functions that were associ- 
ated with Al body burden, we clustered the 30 individual neuro- 
cognitive tests into nine neurocognitive domain scores (Table 1). 
This clustering was done based on what functions each of the 
subtests measure.” Since many of the neurocognitive tests assess 
multiple cognitive processes, some tests were assigned to more 
than one cognitive domain score. In addition, the correlations be- 
tween tests within a cognitive domain (Trails B and digit symbol) 
were examined and found to be higher than the correlations be- 
tween tests in different cognitive domains (Trails B and the Bos- 
ton Naming Test). Due to differences in maximal scores on each 
subtest, individual subtest scores were converted into z scores 
using the means and SDs of the group and then summed to pro- 
duce the overall functional domain scores. This reduced the 
number of comparisons from 30 individual subtest scores to 9 
cognitive domain scores and therefore reduced the probability of 
a type 1 error. 

Natural log transformations were performed on the variables 
that were not normally distributed (CES-D, Trails A, Trails B, and 
reaction time) and parametric statistics were applied. Centering 
was used to reduce multicolinearity between independent vari- 
ables before including such terms in the regression models. Mul- 
tiple linear regression was used to assess the relationship between 
Al level after deferoxamine administration and neurocognitive 
test performance. We identified a priori and then examined, age, 
vocabulary score (a measure of premorbid verbal intelligence”), 
neurologic symptoms, visual acuity, and depression as potential 
confounding variables. Measures of renal function (creatinine, 
serum urea nitrogen, and duration of time on dialysis) were not 
found to be important confounders of the association between Al 
level and neurocognitive performance. Creatinine did not corre- 
late significantly with any of the composite cognitive domain 
scores or any of the individual neurocognitive tests (r=.009 to .35). 
The correlations between serum urea nitrogen concentration and 
the neurocognitive measures ranged from r=.001 to .23 and du- 
ration of time on dialysis correlated with the dependent measures 
r=.002 to .219. We also evaluated the interactions between Al level 
and the confounding variables. Only age and vocabulary score 
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Table 1.—Cognitive Domains Assessed and 
ests Administered 


Intelligence 
Vocabulary 
Similarities 

Orientation 


Mini-Mental State Examination 
Months backward 


Attention/concentration 
Months backward 
Trails A 
Trails B 
Digit symbol 

Language 
Verbal fluency (FAS) 
Boston Naming Test 
Repetition (words, phrases) 
Reading comprehension 
Sentence writing: copy 
Sentence writing: dictation 


Verbal memory 
Logical memory 


Rey Auditory Verbal Learning Test 


Visual memory 
Visual reproduction 
Rey Osterich Complex Figure (memory) 
Symbol Digit Paired Associate Learning Test 


Visuoperception/visuoconstruction 
Block design 
Rey Osterich Complex Figure (copy) 
Clock drawing 
Hooper 


Executive/motor 
Reaction time 
Digit symbol 
Trails A 
Trails B 
Apraxia 
Finger tapping 
Grip strength 


Frontal 
Alternating fingers 
Luria motor sequences 
Trails A 
Trails B 





were found to be significant confounders; therefore, the final 
models included Al level (after deferoxamine administration), 
age, and vocabulary score. Interactions were retained in the final 
models if significant (P<.05) or of biological interest. 


RESULTS 


Separate multiple linear regressions were performed to 
examine the association between Al level and performance 
for each of the nine cognitive domains. Age and vocabu- 
lary were highly predictive of performance in each of the 
cognitive domains. After controlling for these important 
confounding variables, Al was found to be significantly 
associated with visual memory. The higher the Al level the 
poorer the visual memory performance. While the Al level 
by itself was associated with only one cognitive domain, 
the Al by vocabulary interaction was significant for the 
frontal and attention/concentration domains and for the 
CES-D (depression scale). Results of the multiple linear re- 
gressions are shown in Table 2. To visualize and plot the 
Al by vocabulary interaction, Al levels were divided into 
terciles and the mean for each tercile was used in a linear 
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Table 2.—Linear Regressio 
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Dependent Variable Independent Variable B Coefficient SE P Total, R? 




















—0.131 I 
0.03 0.006 .00 

—0.334 0.008 .00 

=—O.309T 0.688t .65 
0.9964 0.491# .05 
0.082 56 
0.031 0.007 .00 

—0.031 0.008 .00 

—0.114§ 0.678t .10 
0.157t 0.4844 .00 

—0.050 59 
0.032 0.006 .00 

—0.026 0.007 .00 

—0.125§ 0.604t .05 









*Vocabulary, age, and aluminum were centered to reduce multicolinearity with the interaction term. 
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Fig 1.—Relationship between serum aluminum level and the frontal lobe performance and depression scores for high and low vocabulary groups 
(split at the median of 27). The values have been adjusted for age and vocabulary. CES-D indicates Center for Epidemiologic Studies Depression scale. 


regression model. The age- and vocabulary-adjusted scores 
are plotted in Fig 1. Patients with lower vocabulary scores 
evidenced a dose-effect relationship between increasing Al 
levels and decreased frontal performance and greater de- 
pression. The same relationship was also found for the 
attention /concentration domain. There was no association 
of Al level with neurocognitive performance in the high 
vocabulary group. To determine which specific neurocog- 
nitive tests were sensitive to increasing levels of Al, each 
of the 30 neurocognitive tests was used in a regression. 
Significant results are presented in Table 3. Again, age and 
vocabulary score were found to be highly associated with 
the majority of the neurocognitive measures. After con- 
trolling for the confounding effects of age and vocabulary, 
Al was significantly associated with performance on visual 
reproduction (recognition), and memory for the Rey Com- 
plex Figure. This is not surprising since both of these tests 
were included in the visual memory domain. The Al by 
vocabulary interaction was significant for Trails A, Trails 
B, digit symbol, sentence writing (copy), apraxia, Alter- 
nating Fingers, and Luria Motor Sequences. All associa- 
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tions were in the predicted direction and Fig 2 illustrates 
the nature of the interaction for digit symbol and Trails A. 
Again, as the Al level increased, performance decreased, 
but only in the low vocabulary group. Since Al only 
affected neurocognitive performance in the low vocabu- 
lary group, we believed it was necessary to determine if 
this group effect could be accounted for by differences in 
other features (ie, blood pressure, diabetes, serum urea ni- 
trogen, creatinine). No significant group differences were 
found between the vocabulary groups on any of these fea- 
tures that we examined (Table 4) except for those expected 
(vocabulary score and education). 


COMMENT 


Increased levels of Al were associated with declines in 
specific areas of neurocognitive performance. A dose- 
effect relationship was found between the Al level and vi- 
sual memory. This same association was also found in 
attention/concentration and frontal lobe functions and on 
eight of the individual neurocognitive subtests, but only in 
patients with lower verbal intelligence. In contrast, ele- 
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Table 3.—Linear Regression Analysis of Outcome Variables Demonstrating a Significant 


Dose-Effect With Aluminum Level* 





Dependent Variable 
Trails A 


Independent Variable 


Constant 

Vocabulary 

Age 

Aluminum 

Aluminum X vocabulary 


Trails B Constant 

Vocabulary 

Age 

Aluminum 

Aluminum X vocabulary 


Constant 

Vocabulary 

Age 

Aluminum 

Aluminum X vocabulary 


Digit symbol 


Constant 

Vocabulary 

Age 

Aluminum 

Aluminum X vocabulary 


Sentence writing 
(copy) 


Constant 

Vocabulary 

Age 

Aluminum 

Aluminum X vocabulary 


Visual reproduction 
(recognition) 


Constant 

Vocabulary 

Age 

Aluminum 

Aluminum X vocabulary 


Rey Complex Figure 
(memory) 


Constant 

Vocabulary 

Age 

Aluminum 

Aluminum X vocabulary 


Apraxia 


Constant 

Vocabulary 

Age 

Aluminum 

Aluminum X vocabulary 


Alternating fingers 


Constant 

Vocabulary 

Age 

Aluminum 

Aluminum X vocabulary 


Luria motor sequences 


B Coefficient SE P 


Total, R? 
1.780 a3 
—0.009 0.002 .00 
0.010 0.003 .00 
O:ZOTT 0.222ł K Vi 
—0.541ł 0.158+ .00 
2.144 39 
—0.008 0.002 .00 
0.008 0.002 .00 
0.413t 0:223 .08 
—0.4614 0.1914 -02 
32.756 46 
0.372 0.116 .00 
—0.489 0.135 .00 
—0.002 0.011 .86 
0.221§ 0.818t O01 
2.93 22 
0.004 0.004 -32 
—0.006 0.004 .18 
—0.495t 0.037T 18 
0.5814 0.255+ .O3 
1.667 28 
0.022 0.009 .02 
—0.014 0.014 22 
—0.220§ 0.985t .03 
0.5084 0.683+# 46 
9.362 A6 
0.214 0.057 .00 
—0.192 0.069 .01 
—0.013 0.006 04 
0.218tT 0.409t .60 
9.330 1 
0.027 0.010 .01 
—():031 0.012 .02 
—0.484t 0.106§ .65 
O.152t 0.758+# 05 
9.160 iar 
0.050 0.016 .00 
—0.040 0.019 .04 
—0.003 0.002 .06 
0.268t 0.114t .O2 
9.860 mV 
0.089 0.028 .00 
—0.093 0.034 .01 
—0.002 0.003 Jl 
0.470t 0.206t .03 


*Vocabulary, age, and aluminum were centered to reduce multicolinearity with the interaction term. 
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vated Al levels were not related to declines in verbal intel- 
ligence, language, or verbal memory abilities. 

Other authors have reported an association between 
length of time on dialysis and declines in cognitive abili- 
ties.” The results of our study failed to find this relation- 
ship. The previous authors used serum Al levels without 
administering deferoxamine. In our sample, the Al level 
prior to deferoxamine administration was not significantly 
correlated with length of time on dialysis (r=.27). In con- 
trast, the post-deferoxamine Al level was significantly cor- 
related with length of time on dialysis (r=.49, P<.01). We 
therefore speculate that the previously reported associa- 
tion between length of time on dialysis and cognitive de- 
cline may have been mistakenly attributed to length of time 
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on dialysis instead of body burden of Al, which increases 
with length of time on dialysis. Our use of Al levels 
following deferoxamine, which more accurately reflects 
the body burden of Al, rather than baseline serum Al con- 
centration, which was used by other investigators,” may 
explain why we found differences in neurocognitive per- 
formance between patients with high Al compared with 
those with low Al levels. Unlike other investigations, we 
examined and controlled for the effects of age, verbal in- 
telligence, and the interaction between premorbid verbal 
intelligence and Al level on cognitive performance. Indi- 
viduals of lower intelligence appear to exhibit more neu- 
rocognitive dysfunction associated with Al than persons 
with higher intelligence and this difference could not be 
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Fig 2.—Relationship between serum aluminum level and digit symbol and Trails A for high and low vocabulary groups (split at the median of 27). 


The values have been adjusted for age and vocabulary scores. 


Table 4.—Means and SDs of Low and High 
Vocabulary Groups* 





Low High 
Vocabulary Vocabulary t 









18 17 
M/F 8/10 9/8 




























Age, y 52 (14) 51 (15) 
Education, y 9 (4) 13 (2) —3.57t 
Vocabulary (WAIS-R) 16 (6) 45 (12) —9,17t 
Years on dialysis 3.8 (3.3) 3.7 (2.8) 
Aluminum level before 

deferoxamine, pg/L 32 (30) 52 (48) 
Aluminum level after 

deferoxamine,# pg/L 132 (109) 210 (208) 
Systolic blood pressure, 

mm Hg 142 (28) 142 (29) 
Diastolic blood pressure, 

mm Hg 84 (16) 72 (22) 
Serum urea nitrogen, 

mg/dL 69 (20) 79 (17) 
Creatinine, mg/dL 15 (3) 15 (4) 
Sodium, meg/L 137 (5) 138 (5) 
Potassium, meq/L 5 (0.7) 5 (0.6) 
Hematocrit, % 28 (7) 26 (5) 
Serum intact PTH levels, 

pg/mL (normal, 10 to 

65) 166 (189) 138 (187) 
History of cardiovascular 

disease, % 39 41 












Diabetes, % 11 18 


*Numbers are means and numbers within parentheses are SD. All tests 
were performed within 1 week of the neurocognitive testing. WAIS-R 
indicates Wechsler Adult Intelligence Scale-Revised; PTH, parathyroid 
hormone. 

tP<.001. 

Median values for the low and high vocabulary groups are 113 and 
125 pg/L, respectively. 
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accounted for by differences in characteristics between the 
two groups. We have previously reported a greater age- 
related cognitive change in healthy adults with lower vo- 
cabulary scores.” Additionally, in paint manufacturers 
chronically exposed to solvents, a dose-related effect of 
solvents was found in workers with low vocabulary scores 
but not in workers with higher vocabulary scores. It may 
be that individuals with lower cognitive abilities are more 
likely to demonstrate cognitive decline because they pos- 
sess weaker compensatory abilities and fewer well- 
developed problem-solving strategies. Therefore, it would 
be difficult for them to overcome subtle cognitive problems 
caused by the effects of neurotoxins. 

While we are aware of the hazards of making multiple 
statistical comparisons (30 neurocognitive tests), we be- 
lieve that our results are not chance findings because of 
their biological plausibility. First, our finding of decreased 
frontal lobe functioning agrees with cerebral computed 
tomographic findings in dialysis patients, which showed 
cortical atrophy involving mainly the frontal lobes in 23.2% 
of patients scanned.” Second, the tests that were found to 
be affected (ie, Trails A, Trails B, digit symbol) are the same 
tests generally affected by other neurotoxins.” Third, 
most of the significant Al neurocognitive associates clus- 
tered into specific cognitive domains. Since we rigorously 
examined the effects of uremia (reflected by serum urea 
nitrogen and creatinine concentrations), length of time on 
dialysis, neurological status, depression, and visual acuity, 
we believe that the observed associations were not con- 
founded by these variables. 

The neurotoxic mechanisms of Al in the brain are not 
clearly understood. Reductions in glucose utilization in- 
volving the striatal, cortical, and hypothalamic areas are 
reported in animals. In addition, small reductions in glu- 
cose metabolism inhibit the synthesis of the neurotrans- 
mitter acetylcholine and acetylcholine plays a significant 
role in optimal neurocognitive functioning.” For exam- 
ple, in Alzheimer’s disease, acetylcholine has been found 
to be significantly depleted and therefore has been impli- 
cated in the pathogenesis of the severe cognitive degener- 
ation that is characteristic of this disease. Therefore, 
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reductions in acetylcholine could be responsible for the 
Al-related neurocognitive decline found in our study. 
While causality cannot be determined with a cross- 
sectional study design, these results are suggestive that Al 
has neurotoxic properties and its reduction in medications 
(as a phosphate binder in dialysis patients) and in the en- 
vironment is critical. Results from a prospective study 
would offer critical evidence to determine whether the in- 
creased body burden of Al is causally associated with brain 
dysfunction. We are currently conducting this study. 


This study was supported by grant 5 R29ES04427 from the National 
Institutes of Environmental Health Science, Research Triangle Park, 
NC, to Dr Bolla. 

We thank JoEllen Heller for statistical analysis, Ken Fittro for illus- 
trations, and Sherry Groves for preparation of the manuscript. 
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e In a randomized, double-blind, placebo-controlled pilot 
study, we examined the effect of Org 2766—a corticotro- 
pin (4-9) analogue—on neurotoxicity in 28 patients with 
lymphoma who were treated with combination chemother- 
apy containing Vinca alkaloids (vincristine and vinblastine). 
The patients received a total dose of 12 mg of vincristine in 
the case of non-Hodgkin’s lymphoma and a total dose of 16 
mg of vincristine in the case of Hodgkin’s disease. Moreover, 
the patients with Hodgkin’s disease received a mean total 
dose of 84 mg of vinblastine. Subcutaneous injections of 2 
mg of Org 2766 or placebo were administered to patients 
with non-Hodgkin’s lymphoma on days 1 and 10 of each 
chemotherapy course and to patients with Hodgkin's dis- 
ease on days 1 and 8 of each chemotherapy course. The first 
injection was always given before the administration of 
vincristine. Assessment of neurologic symptoms and signs 
and measurement of sensory thresholds (vibration sense and 
temperature sense) were performed on day 1 of the first, 
fourth, and sixth (or eighth) courses and 6 weeks after ces- 
sation of chemotherapy. Thirteen patients (mean age, 44.7 
years) received Org 2766 and 15 patients (mean age, 54.7 
years) received placebo. More symptoms occurred in the 
placebo group, but only numbness and autonomic com- 
plaints occurred significantly more often in the placebo 
group. Motor deficit and sensory disturbances were more 
severe and also occurred significantly more often in the 
placebo group. There was no difference with respect to re- 
flex examination findings and sensory thresholds. The out- 
come of this pilot study is promising with regard to an ame- 
liorating effect of Org 2766 on vincristine neurotoxicity, but 
the results should be interpreted with great care because of 
a significant age difference between the study groups. 
(Arch Neurol. 1992;49:1027-1031) 
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ya alkaloids (VA), vincristine sulfate and vinblastine 
sulfate, are cancer chemotherapeutic agents that are 
widely used in the treatment of leukemia, malignant lym- 
phomas, and other types of malignant neoplasms. Their 
effectiveness was first reported in 1962.' The clinical use of 
vincristine and vinblastine is still limited by prominent 
neurotoxic side effects.** Today, single doses of vincristine 
are usually limited to 2 mg in the adult and are given at 
least 1 week apart to reduce the incidence of severe neu- 
rotoxic effects. However, even with this dose regimen, 
many patients develop symptoms and signs of neuropa- 
thy. This mixed sensory, motor, and autonomic polyneu- 
ropathy is mainly due to axonal degeneration.** Reduction 
of VA neurotoxicity can be achieved by dose reduction or 
discontinuation of the drug. 

Although the clinical neurotoxic side effects of VA 
treatment are largely reversible in the long term, muscle 
weakness and sensory disturbances may seriously inter- 
fere with the quality of life of VA-treated patients and pre- 
vent dose escalation. Several clinical studies have been 
performed to explore the effect of potential modifiers of 
VA-induced neurotoxicity.°* Until now, the only com- 
pound that induced a slight reduction of vincristine neu- 
rotoxicity was glutamic acid.’ 

Animal studies? have shown that Org 2766, a hexapep- 
tide analogue of corticotropin, is efficacious in the preven- 
tion and treatment of peripheral neuropathies caused by 
neurotoxic substances, such as cisplatin. Recently, it was 
found that Org 2766 causes an increase in the number of 
cross-sectioned microtubules per square micrometer in 
axons of the cerebral commissure of Lymnaea stagnalis and 
diminishes the severity of vincristine neurotoxicity." 

In a clinical study, it was concluded that Org 2766 pre- 
vented or attenuated cisplatin neuropathy in patients with 
ovarian cancer.’* Considering the promising results of in 
vitro studies involving L stagnalis neurons and of Org 2766 
administration to patients who are treated with cisplatin, 
we decided to investigate the effect of Org 2766 in patients 
during treatment with vincristine and vinblastine in a ran- 
domized, double-blind, placebo-controlled study. The 
study was approved by the Institutional Review Board of 
the Free University Hospital, Amsterdam, the Nether- 
lands. 
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PATIENTS AND METHODS 
Selection of Patients and Study Design 


Included in the study were patients with histologically verified 
Hodgkin’s disease (HD) or low- or high-grade non-Hodgkin’s 
lymphoma (NHL) who were to be treated with VA-containing 
regimens. Exclusion criteria included a history of polyneuropa- 
thy, diseases that are known to be associated with polyneuropa- 
thy (diabetes and alcohol abuse), previous use of other neurotoxic 
drugs (including other antitumor agents), or a Karnofsky perfor- 
mance status of 50 or less, which means that the patients should 
be able to care for most of their needs and only require occasional 
assistance. During the chemotherapy courses, patients were 
treated with either Org 2766 or placebo (both supplied by Orga- 
non International BV, Oss, the Netherlands) in a randomized, 
double-blind fashion. All patients gave informed consent. 


Chemotherapy 


Patients were treated according to the following schemes: pa- 
tients with low-grade NHL, stages III and IV, on days 1 through 
5 were given 300 mg/m’ of cyclophosphamide orally each day 
and 40 mg/m of prednisone orally each day; on day 1, they were 
given 1.4 mg/m? of vincristine sulfate (maximum dose, 2 mg) in- 
travenously. In total, six courses were given at 4-week intervals. 
Patients with high-grade NHL, stages II, III, and IV, on day 1 were 
given 750 mg/m? of cyclophosphamide intravenously, 1.4 mg/m? 
of vincristine sulfate (maximum dose, 2 mg), 50 mg/m? of dox- 
orubicin hydrochloride (Adriamycin) intravenously; on days 1 
through 5, 60 mg/m? of prednisone was given orally each day; 
and on day 10, 400 mg/m? of methotrexate sodium was given in- 
travenously, with calcium folinate rescue. In total, six courses 
were given at 3-week intervals. Patients with HD, on day 1, were 
given 6 mg/m? of mechlorethamine hydrochloride intravenously 
and 1.4 mg/m’ of vincristine sulfate (maximum dose, 2 mg) hy- 
drochloride intravenously; on days 1 through 7, they were given 
100 mg/m’ of procarbazine orally each day; on days 1 through 14, 
they were given 25 mg/m’ of prednisone orally each day; on day 
8, 35 mg/m? of doxorubicin hydrochloride (Adriamycin) intrave- 
nously, 10 mg/m?’ of bleomycin sulfate intravenously, and 
6 mg/m? of vinblastine sulfate intravenously. In total, eight 
courses were given at 4-week intervals. 


Administration of Study Drug 


All patients received subcutaneous injections of Org 2766 in 
buffered mannitol solution (2 mg/mL) (batch CP 89011) or pla- 
cebo (batch CP 89010) during combination chemotherapy. One 
subcutaneous injection was given on days 1 and 10 of each course 
in the case of NHL and on days 1 and 8 of each course in the case 
of HD. The injection given on day 1 was always given before the 
administration of vincristine. 


Assessment of Neuropathy 


Neurologic assessments were performed before the adminis- 
tration of chemotherapy on day 1 of the first, fourth, and sixth 
(NHL) or eighth (HD) courses of chemotherapy and 6 weeks af- 
ter the last course. Neurologic symptoms (sensory complaints, 
subdivided into pain, paresthesias, and numbness and com- 
plaints of weakness) were recorded separately for the hands and 
feet by the same neurologist (B.v.K.), using a standard question- 
naire. Autonomic dysfunction was assessed by questioning the 
patients for complaints of orthostatic hypotension, obstipation, 
diarrhea, abnormal micturition, and abnormal perspiration. Neu- 
rologic examination, which was always performed by the same 
neurologist, included testing of motor functions, sensory func- 
tions, and reflexes. To evaluate motor function, the strength (ac- 
cording to the Medical Research Council [MRC] scale) was tested 
for finger extensors, finger flexors, foot extensors, foot plantar 
flexors, and extensor hallucis muscles of both hands and both feet. 
The following rating scale was used: 0 indicated normal strength 
(MRC grade 5); 1, MRC grade 4; and 2, MRC grade 3. To evaluate 
sensory function, the most distal margin where touch and pain 
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(pin prick) were normally perceived was noted (with 0 indicating 
no abnormalities; 1, fingers or toes; 2, mid-hand or mid-foot; 3, 
wrist or ankle; 4, mid-forearm or mid—lower leg; and 5, elbow or 
knee). Kinesthesia was tested at the fifth finger and the hallux 
(with 0 indicating normal; 1, diminished; and 2, absent). Biceps 
tendon reflexes, patellar reflexes, and Achilles tendon reflexes 
were scored according to the following scale: 3, high/hyperactive; 
2, normal; 1, low/hypoactive; and 0, absent. In addition, two 
kinds of sensory thresholds were measured: vibratory perception 
threshold (VPT) and thermal discrimination threshold (TDT). 

The VPT was measured by using a Somedic Vibrameter type III 
(Somedic AB, Stockholm, Sweden), which provides a vibratory 
stimulus of variable amplitude. The equipment was slightly 
modified: the stimulator, which is normally hand-held, was 
mounted in an adjustable holder. The site of investigation was the 
left first toe, just proximal to the nail. The method of limits was 
used: the amplitude of the vibrating rod was gradually increased 
and the patients were asked to indicate when they experienced the 
vibrating sensation. The VPT was defined as the mean value of 
three measurements and is expressed in micrometers. For further 
comparisons, the log-transformed values were used. 

The TDT was determined by measuring the smallest possible 
temperature difference the patient could feel. For this purpose, we 
used a device employing two thermostimulators. One has a con- 
stant temperature that equals the skin temperature of the inves- 
tigation site (always the dorsum of the left foot), and the temper- 
ature of the other stimulator is varied and is randomly adjusted 
higher or lower than the temperature of the first one. This method 
has been described in detail elsewhere.” 


Statistical Analysis 


To compare age distribution between the two groups, Wilcox- 
on’s Rank-Sum Test was used. To compare numbers of com- 
plaints reported, the following procedure was employed: for each 
patient, the average number of complaints per follow-up visit was 
computed. Next, the averages were compared between the two 
groups with use of Wilcoxon’s Rank-Sum Test. To compare neu- 
rologic variables, the same procedure was followed, but now with 
the average decrease per follow-up visit as the fundamental data. 
Finally, changes in the log-transformed VPT and TDT scores be- 
tween groups as well as between follow-up visits were compared 
with the use of analysis of variance for repeated measures. 


RESULTS 
Patient Characteristics 


Thirty patients were enrolled in the study. Two patients 
stopped treatment after the first cycle of chemotherapy 
because of rapid progression of the tumor. The other 28 
patients (20 with NHL and eight with HD) completed at 
least four courses of chemotherapy and were considered 
eligible for evaluation. Three patients stopped treatment 
after four cycles of chemotherapy: two had tumor pro- 
gression that necessitated substitution of vincristine after 
the fourth course and one patient died of pulmonary em- 
bolism after the fourth course. The other 25 patients com- 
pleted all six (NHL) or eight (HD) courses of chemother- 
apy and thus received a total dose of 12 mg (NHL) or 16 
mg (HD) of vincristine sulfate and, in the eight patients 
with HD, also a mean total dose of 84 mg of vinblastine 
sulfate. 

Of the 28 evaluable patients, 13 were assigned to receive 
ORG 2766 (mean age, 44.7 years; nine men and four 
women) and 15 were assigned to receive placebo (mean 
age, 54.7 years; eight men and seven women). Median ages 
differed significantly between the two groups (P<.05). In , 
each group, four patients were treated for HD; the other 20 
patients had NHL. 


Vinca Alkaloid-Induced Neuropathy—van Kooten et al 


Table 1.—Neurologic Symptoms in Both 
Treatment Groups 


Total 

No. of 
Patients Complaints 
Complaining* Reportedt 

i : ~rtioees bb Se 

Org Org 

2766 Placebo 2766 Placebo 


No. of 


Total sensory 
complaints 
Pain 
Paresthesias 
Numbness 
Weakness 
Autonomic dysfunction 
Total complaints 


*Number of patients receiving Org 2766 and placebo who reported 
sensory complaints (pain, paresthesias, or numbness in either the hands 
or feet), weakness (in either the hands or feet), or autonomic dysfunc- 
tion (ie, complaints of orthostatic hypotension, obstipation, diarrhea, 
abnormal micturition, or abnormal perspiration) at any of the three 
follow-up visits, ie, after three and five (in cases of non-Hodgkin's lym- 
phoma) or seven (Hodgkin’s disease) courses of chemotherapy and 6 
weeks after completion of chemotherapy. More than one symptom can 
exist in one patient. 

tTotal number of complaints (see asterisk footnote) reported during 
the three follow-up visits. 

Statistically significant (P<.05) difference between the two groups. 


Results of Chemotherapy 


In the Org 2766-treated group, nine patients showed a 
complete tumor response and eight of these nine patients 
are still in remission. Up to now, the duration of response 
has varied from 8 to 22 months. There were two partial re- 
sponses (of 3 and 12 months, respectively) in this group. 
One patient died of pulmonary embolism during treat- 
ment and in one Org 2766-treated patient the tumor 
proved resistant to chemotherapy. In the placebo group, 
seven patients had a complete response, with a duration 
ranging from 3 to 22 months. Six of the seven patients are 
still in remission. Partial responses (with a duration rang- 
ing from 2 to 19 months) were observed in four patients. 
In four patients in the placebo group, the tumor was resis- 
tant to chemotherapy. 


Neurologic Symptoms 


Table 1 summarizes the neurologic symptoms in both 
groups. It shows the number of patients complaining dur- 
ing at least one of the three follow-up visits as well as the 
total number of complaints reported during the three 
follow-up visits (in both the hands and the feet). Although 
on all items the patients receiving Org 2766 scored better 
than the patients receiving placebo, only “numbness” and 
autonomic dysfunction occurred significantly more often 
in patients receiving placebo (P<.05). If complaints oc- 
curred, it was either during the first or during the second 
follow-up visit. In this respect, there were no differences 
between groups. 


Neurologic Signs 


Table 2 shows the results of the neurologic examinations. 
Paresis in the foot muscles occurred in five patients in the 
placebo group; in four of these patients, paresis in the hand 
muscles also occurred. These five patients were all older 
than 60 years. One of these patients already showed 


Arch Neurol—Vol 49, October 1992 





Table 2.—Neurologic Signs in Both Treatment Groups 


No. of Patients 
With Abnormal 
Findings* Totalt 
ies e E ees 
Org Org 


2766 + Placebo 2766 Placebo 


Paresis 
Hand muscles 
Foot muscles 
Hand and/or foot 
muscles 


Sensory disturbances 
In the hands 
In the feet 
In the hands 
and/or feet 


*Number of patients receiving Org 2766 and placebo who developed 
motor deficits (paresis in the hand and/or foot muscles) or sensory dis- 
turbances (impaired touch and pain perception in the hands and/or feet 
and/or abnormal position sense in the hallux muscle) at any of the three 
follow-up visits, ie, after three and five (non-Hodgkin’s lymphoma) or 
three and seven (Hodgkin's disease) courses of chemotherapy and 6 
weeks after completion of chemotherapy. 

tScore of motor deficit/sensory disturbance summed over the three 
follow-up visits. 

Statistically significant (P<.05) difference between the two groups. 


weakness (MRC grade 4) of the foot muscles at the first 
follow-up visit. In the other four patients, weakness (MRC 
grade 4) was noticed for the first time at the second 
follow-up visit. In three of these four patients, paresis of the 
foot muscles had progressed to MRC grade 3 at the last 
follow-up visit. In only one patient, progression to MRC 
grade 3 was also present in the hands. One patient in the 
Org 2766 group (aged 31 years) had minor weakness of the 
extensor hallucis muscles at the first follow-up visit. This 
paresis was no longer present at the next two follow-up 
visits. The degree of paresis in all muscles examined, 
summed over the three follow-up visits (total in Table 2), 
differed significantly between the two treatment groups 
(P<.05). 

Sensory disturbances in the hands occurred in five pa- 
tients in the placebo group. All five of these patients also 
had abnormal sensation on touch and pin prick of the feet. 
These patients were aged 18, 56, 61, 62, and 65 years. Three 
additional patients in the placebo group (aged 67, 67, and 
75 years) suffered abnormal position sense in the hallux. 
No patients in the Org 2766-treated group reported 
abnormal sensation on touch or pin prick. Two patients 
(aged 35 and 55 years) in the Org 2766 group had dimin- 
ished position sense in the hallux at the last follow-up visit. 

When the degree of sensory disturbances, summed for 
all follow-up visits (total in Table 2), is taken into account, 
the difference between placebo-treated patients and Org 
2766-treated patients is significant for the hands as well as 
for the feet (P<.05). Of the five placebo-treated patients 
who developed abnormal pain or touch sensation during 
VA treatment, two also had paresis develop. The other 
three placebo-treated patients, who developed paresis in 
the hand and foot muscles, had normal results of a sensory 
examination for touch and pain. In these three patients, 
only position sense of the hallux deteriorated during VA 
treatment. 

Altogether, eight patients in the placebo group suffered 
either sensory abnormalities or motor deficit or both. Two 
patients in the Org 2766 group suffered abnormal position 
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Baseline 
Values 


0.76 (0.41) 
0.73 (0.63) 


ORG 2766 


Placebo 


Table 3.—Vibration Perception Threshold (VPT) in Both Treatment Groups* _ 


Change From 
Baseline to 
Ist Follow-up Visit 


0.06 (0.26) 
0.23 (0.58) 


Change From 
Ist to 2nd 
Follow-up Visit 
0.20 (0.62) 
0.38 (0.50) 


Change From 
2nd to 3rd 
Follow-up Visit 
0.23 (0.58) 
0.51 (0.33) 


*Baseline values and changes of VPT. The follow-up visits took place after three and five (non-Hodgkin’s lymphoma) or seven (Hodgkin’s disease) 
courses of chemotherapy and 6 weeks after completion of treatment. The data are the log-transformed values of the outcome of VPT measurements 
in micrometers (mean [SD]). There was a significant (P<.05) increase in log VPT in both treatment groups. The deterioration of vibration sense did 


not differ significantly between the two groups. 


sense at the last follow-up visit. One Org 2766-treated pa- 
tient had a transient paresis of the extensor hallucis muscles. 

During chemotherapy, reflexes diminished or disap- 
peared in all patients in both groups. In most patients, this 
was already the case at the first follow-up visit (after three 
treatment courses). In the placebo group, five of the 15 pa- 
tients had one or two (diminished) reflexes left at the last 
follow-up visit. In the Org 2766 group, four of the 13 pa- 
tients had one or two (diminished) reflexes left at the third 
follow-up visit. In one of these patients, the Achilles ten- 
don reflexes could still be evoked. In the remaining 27 pa- 
tients, Achilles tendon reflexes were absent at the first 
follow-up visit and stayed absent during the next two 
follow-up visits. 


Quantitative Sensory Examination 


In both groups, the VPT (log VPT) increased signifi- 
cantly during VA treatment (P=.015) (Table 3), but no sig- 
nificant difference was noted between the treatment 
groups (P=.25). 

The TDT showed no significant change during VA 
treatment in either treatment group (data not shown). 


Toxic Effects 


No adverse reactions that could be attributed to Org 
2766 were reported. 


COMMENT 


The results of this pilot study seem to indicate a bene- 
ficial effect of Org 2766 on the development of peripheral 
neuropathy as a side effect of VA treatment. However, a 
major problem in the interpretation of the results of this 
small study is the difference in age distribution in the two 
study groups, the patients in the placebo group being sig- 
nificantly older. The effect of age on the susceptibility of 
peripheral nerves to VA neurotoxicity is mentioned in a 
review by Legha, who refers to a report by Whitelaw et 
alt but age effects are not apparent from this 
publication—the nine patients who stopped treatment be- 
cause of peripheral neurotoxic effects had a mean age of 47 
years; only one of these nine patients was older than 50 
years. The 41 patients for whom no neurotoxic effects were 
mentioned had a mean age of 43 years. Among them were 
five young children and 14 patients older than 50 years. 
Other published reports on VA neurotoxicity do not men- 
tion age effects or even deny a higher susceptibility in older 
patients.*” 

Despite the lack of convincing evidence from the litera- 
ture that advanced age predisposes to VA-induced pe- 
ripheral neuropathy, it should be emphasized that partic- 
ularly the older patients in the placebo group developed 
the most severe symptoms and signs. Motor deficit was 
especially observed in the placebo-treated patients older 
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than 60 years, whereas in the 13 patients in the Org 2766- 
treated group, remarkably few neurologic signs could be 
demonstrated. 

When our data from the Org 2766 group are compared 
with the data of a recent study,’ there are striking differ- 
ences with regard to motor dysfunction and impairment of 
sensory modalities. The cumulative dose of vincristine did 
not differ from ours, but the intervals between treatment 
courses were shorter (1 week), which may have contrib- 
uted to the development of more severe signs of neurop- 
athy. Also, in the studies by Jackson et al,°” the percentage 
of neuropathic signs was higher than in our placebo group, 
but intervals between vincristine courses in their study 
were also shorter than in ours. 

The literature on vincristine neuropathy is consistent 
with regard to rapid impairment of deep tendon reflexes. 
In our two treatment groups, the same phenomenon was 
observed. There was no difference between the Org 2766- 
treated group and the placebo group with regard to loss of 
reflexes. This is not essentially an argument against the ef- 
fectiveness of Org 2766 to prevent or ameliorate neuropa- 
thy, because the rapid decline of reflexes may reflect a 
specific influence of VA on the muscle spindle. The main 
argument supporting this hypothesis is that the Hoffmann 
reflex remains intact when Achilles tendon reflexes are 
absent.”'° 

In our trial, we did not perform electrophysiologic stud- 
ies. The principal reason was that we considered this too 
much of a burden for this group of patients. Moreover, we 
agree with DeAngelis et alë that medical history and care- 
ful neurologic examination are more sensitive in the eval- 
uation of axonal neuropathy. Quantitative sensory exam- 
ination appeared to be useful in the evaluation of cisplatin- 
induced neuropathy” but failed to show significant 
differences between the two groups in our study. 

The antitumor effect of the VAs is associated with a spe- 
cific high-affinity binding to dimeric tubulin (consisting of 
the globular proteins a- and B-tubulin), which prevents its 
polymerization from soluble dimers into microtubules. The 
breakdown of microtubules in the mitotic spindles results in 
arrest of cell division in metaphase. Axonal degeneration is 
probably also related to the disruption of microtubules in 
neural tissue, in which these microtubules (properly named 
neurotubules) are involved in axoplasmic transport. Loss of 
neurotubules, proliferation of neurofilaments, and forma- 
tion of paracrystalline material in axons and perikarya are 
prominent effects. 

It is not quite clear how melanocortins, such as 
a-melanocyte-stimulating hormone and Org 2766, eventu- 
ally interfere with the neurotoxic side effects of VA, but a 
trophic effect of Org 2766 on the number of microtubules 
seems to play a role." In vitro studies with rat adrenal cortex 
cell suspensions have indicated that the corticosterone- 
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inducing activity of Org 2766 is more than 60 times less than 
that of corticotropin (1-24). Moreover, in a study involving 
human volunteers, Org 2766 treatment (for 42 days at 5 
mg/d) did not result in clinically relevant increases in 
plasma cortisol levels (Organon International BV, data on 
file). 

It is unlikely that Org 2766 interferes with tumor response 
to chemotherapy”; in this respect, it is important to note that 
tumor response did not differ significantly between the two 
groups and that resistance to chemotherapy was seen in four 
placebo-treated patients and in only one patient who had 
been treated with Org 2766. 

Insummary, the results of this pilot study are encouraging 
with regard to a preventive effect of Org 2766 on neurotoxic 
side effects of VA. However, due to an unfortunate age dif- 
ference between the Org 2766 group and the placebo group, 
no definite conclusions can be drawn. 


The authors would like to thank Dr H. H. Schaumburg, Albert Ein- 
stein College of Medicine, New York, NY, for critically reading the 
manuscript. We are indebted to Organon International BV for 
supplying the Org 2766. 
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Original Contribution 


Parietal Pseudothalamic Pain Syndrome 


Clinical Features and Anatomic Correlates 


Jeremy D. Schmahmann, MD, Dana Leifer, MD 


e We studied six patients who developed spontaneous 
hemibody pain following lesions of the parietal lobe. The 
pain was characterized as burning or icelike, and was asso- 
ciated with impairment of pin and temperature apprecia- 
tion. Computed tomographic scanning showed that the 
common area of involvement in all cases was the white 
matter deep to both the caudal insula and the opercular re- 
gion of the posterior parietal cortex. We suggest that 
disruption of the interconnections between these cerebral 
cortical areas (including the second somatosensory repre- 
sentation, SII) and the thalamus, particularly the intralam- 
inar and ventroposterior nuclei, may be responsible for 
producing a thalamocortical disconnection syndrome with 
spontaneous pain as its clinical manifestation. 
(Arch Neurol. 1992;49:1032-1037) 


hortly after the description by Dejerine and Roussy' of 
spontaneous pain developing subsequent to lesions of 
the thalamus, articles appeared that described a similar 
condition following disturbances of the parietal lobe.*"° 
These articles, and subsequent observations of postmor- 
tem and surgical material, implicated the posterior parietal 
region and, particularly, the insula and the parietal oper- 
culum in the generation of the contralateral hemibody 
symptoms.'''® Investigations using contemporary neu- 
roimaging techniques have postulated that the pain de- 
velops as a result of partial deafferentation of the 
lemniscal-thalamic-parietal pathway." 

We studied the clinical findings and computed tomo- 
graphic (CT) scans in six patients with parietal pseudotha- 
lamic pain and present new evidence showing that the le- 
sion that results in this syndrome is located in the white 
matter deep to the caudal insula and the opercular region 
of the posterior parietal cortex. 


PATIENTS AND METHODS 


All patients were evaluated by us in the 4-year period from 1985 
through 1992. The characteristics of the pain syndromes and the 
clinical findings in each patient are detailed in the case reports and 
summarized in the Table. The CT scans were performed between 
3 months and 15 years after the initiating insult. The lesion seen 
at each level of the CT scan was transposed onto a corresponding 
template to identify its anatomic location, and the lesion was then 
mapped onto a lateral view of the hemisphere according to the 


Accepted for publication June 25, 1992. 

From the Departments of Neurology, Massachusetts General Hospi- 
tal and Harvard Medical School (Drs Schmahmann and Leifer), and 
Children’s Hospital (Dr Leifer), Boston, Mass, and the Edith Nourse 
Rogers Memorial Veterans Hospital, Bedford, Mass (Dr Schmahmann). 

Presented in part at the 41st Annual Meeting of the American Acad- 
emy of Neurology, Chicago, III, April 17, 1989. 

Reprint requests to the Department of Neurology, Kennedy 905B, 
Massachusetts General Hospital, 14 Fruit St, Boston, MA 02114 (Dr 
Schmahmann). 


1032 Arch Neurol—Vol 49, October 1992 


method of Damasio and Damasio.”’ Cases 4 and 5 were examined 
by one of us (D.L.), and the remainder by the senior author (J.D.S.). 


REPORT OF CASES 


CASE 1.—A 58-year-old right-handed woman underwent re- 
section of a left-sided parietal meningioma. Four months later she 
noticed discomfort in the right hand. Seven years later she 
received a blow to the head, resulting in hemorrhage in the infe- 
rior aspect of the left postcentral gyrus and in the rostral part of 
the left posterior parietal cortex, within the area of scarring from 
the prior surgery. Shortly after this incident the pain increased in 
severity. It was maximal in the right hand, but also present in the 
right arm and leg. It was continuous but worse at night, charac- 
terized as deep, burning, and aching, and associated with a tight 
feeling in the hand. The pain was controlled with occasional small 
doses of narcotic analgesics. On examination 8 years after the 
traumatic hemorrhage, she stuttered, had mild anomic aphasia, 
and difficulty with repetition. Moderate right hemiparesis pre- 
dominantly affected her arm. The hand was atrophied and main- 
tained in a fixed dystonic posture with the fingers abducted (Fig 
1). In the right hand, pinprick and temperature sensation were 
decreased, light touch exacerbated her discomfort, and spatial 
summation was present. Stereognosis and graphesthesia were 
impaired, but vibration and position sense were normal. The CT 
scan (Fig 2, row A) showed the left-sided craniotomy, and low- 
density areas in the white matter deep to the inferior aspect of the 
postcentral and supramarginal gyri, in the cortex and white mat- 
ter of the superior aspects of the left postcentral gyrus and pos- 
terior parietal region, and in the caudal superior temporal gyrus. 

CASE 2.—A 42-year-old right-handed man with cardiomyopa- 
thy suffered embolic infarction of his left hemisphere with a re- 
sultant right hemiparesis and aphasia. One year after the stroke, 
he complained of pain in the right hand and arm and, to a lesser 
degree, in the face as well. The pain was burning, dull, deep 
seated, and constant. Examination 3 years after the stroke 
revealed dysarthria, mild anomia, and a minimal right hemipare- 
sis. The interphalangeal joints were held in flexion, and the skin 
of the fingers and hand was shiny. He was unable to appreciate 
pinprick, temperature, graphesthesia, or stereognosis in the right 
hand, although light touch, vibration, and position sense were 
intact. The CT scan (Fig 2, row B) showed low-density abnormal- 
ities in the white matter deep to the left postcentral and 
supramarginal gyri, with some involvement of the cortex of the 
postcentral gyrus as well. A small hypodensity was also noted in 
the white matter deep to the middle and inferior frontal gyri. 

CASE 3.—A 28-year-old right-handed man was stabbed in the 
head with a knife and sustained a left temporoparietal hematoma 
that was surgically evacuated. One week after surgery he was 
dysarthric but not aphasic and displayed a mild right hemipare- 
sis. He complained of icelike, freezing discomfort in the right side 
of the body, and this has persisted for 5 years. Examination 
revealed dysarthria and minimal right hemiparesis. There was 
diminished pinprick and temperature appreciation and spatial 
and temporal summation in the right face, arm, and leg, and im- 
paired stereognosis and graphesthesia in the hand. Computed 
tomographic (Fig 2, row C) scan 5 years after the injury revealed 
a discrete hypodensity located mainly in the white matter of the 
postcentral and supramarginal gyri, as well as in the posterior 
aspect of the insular cortex. 


Pain Syndrome—Schmahmann & Leifer 





Fig 1.—The fixed dystonic posture and muscle atrophy of the affected 
right hand in patient 1. 


CASE 4.—A 52-year-old left-handed woman developed slight 
left hemiparesis and slurred speech. A CT scan showed a right 
temporoparietal infarct. After two more similar episodes in the 
next year, a right-sided carotid endarterectomy was performed. 
At that time, she had mild visual inattention, moderate left hemi- 
paresis, and decreased sensation to all modalities. Approximately 
4 years after the endarterectomy, she developed a painful, dull, 
cold feeling over the entire left side of the body that was exacer- 
bated by cold and damp weather. Her left hemiparesis, hemisen- 
sory disturbances, and pain persisted over the succeeding 7 years, 
and the left hand was constantly held ina flexed dystonic posture. 
Computed tomographic scan revealed hypodensities in the cau- 
dal part of the insula, in the cortex and underlying white matter 
of the right angular and supramarginal gyri, and in the superior 
temporal gyrus (Fig 2, row D). 

CASE 5.—A 53-year-old left-handed woman with systemic lu- 
pus erythematosus and carotid occlusive disease developed right 
hemiplegia and global aphasia. Six months later, she could use 
three-word phrases and had regained good strength in her right 
leg, although the arm was still weak. She had right hemianopsia, 
and sensation was decreased to all modalities. She complained of 
a constant, burning pain over the entire right side of the body and 
reported an acceptable symptomatic response to amitriptyline. A 
CT scan (Fig 2, row E) showed incomplete left middle cerebral 
artery territory infarction, with hypodensities in the pericentral 
regions, posterior parietal cortex, and superior temporal gyrus, 
and atrophy of the caudate nucleus and basal ganglia. 

CASE 6.—A 40-year-old right-handed man suffered embolic 
cerebral infarction from a noninfected mitral valve vegetation. 
Acutely, he developed conduction aphasia, right hemiparesis 
mostly involving his arm, hemianesthesia, and hemiparesthesias. 
The aphasia and sensorimotor deficits resolved, but he was left 
with persistent pain in the right arm characterized as icelike, 
burning, aching, and tight, with intermittent electric shocklike 
sensations in the distal arm and hand. Dysesthesias were pro- 
voked by light touch in the right trunk and leg. There was dimin- 
ished appreciation of pinprick and temperature sense on the right, 
most notably in the hand. The remainder of the sensory evalua- 
tion was intact. The CT scan (Fig 2, row F) showed discrete hy- 
podensities in the left sylvian fissure, extending upward into the 
white matter beneath the postcentral gyrus and the rostral infe- 
rior parietal lobule. 


RESULTS 
Clinical Findings 
The six patients presented herein developed a contralat- 
eral hemibody pain syndrome following lesions of the pa- 
rietal lobe. In four patients this occurred as a result of ce- 
rebral infarction; in one after a penetrating stab wound to 
the skull; and in another after resection of a meningioma, 
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exacerbated by a traumatic hemorrhage in the same area 
7 years later. 

The arm and hand were principally affected in all cases, 
the face and leg less prominently so. All patients charac- 
terized the pain as icelike, cold, or burning (Table). They 
coped with their discomfort with the aid of analgesics or 
tricyclic antidepressants, and only rarely required narcot- 
ics. All patients had alteration of pinprick and temperature 
sensation in the affected limbs and face (Table). Five had 
impaired stereognosis and graphesthesia, but only two 
had diminished light touch, vibration, and proprioception. 
Temporal or spatial summation of touch and pinprick was 
noted in three patients, producing uncomfortable vibrat- 
ing dysesthesia, or an increase in the burning or icelike 
sensations. Three patients had moderate hemiparesis, one 
had minimal hemiparesis with slight circumduction of the 
leg and impaired manual dexterity, and two had only 
subtle findings such as mild facial asymmetry, pronator 
drift, impaired fine finger movements, and reflex asym- 
metry. Three patients developed tonic postures of the 
hand. Four patients were aphasic, and three were dysar- 
thric. Five of the six lesions were on the left side, and the 
one patient with a right hemisphere lesion was left handed. 


CT Scan Findings 


In all cases (Fig 2) the thalamus was spared, and a com- 
mon lesioned area in the parietal lobe was identified. This 
was located in the white matter deep to the caudal insula 
and deep to the opercular region of the rostral posterior 
parietal cortex (Fig 3). Each patient also had involvement 
of the cerebral cortex to some extent, however, the area of 
overlap in the six CT scans was not in the cortex, but rather 
in the white matter. 


COMMENT 


Our clinical observations in patients with parietal 
pseudothalamic pain are in general agreement with those 
of previous investigators who have noted the dominant 
thermal component to the complaints of pain, the impair- 
ment of pinprick and temperature appreciation, and the 
relative preservation in many instances of the sensory mo- 
dalities of touch, vibration, and proprioception.°711171"7! 
The pain is less severe than that following lesions of thal- 
amus, although similar in quality. Previous articles have 
emphasized the parietal cortical involvement in these 
patients.'’'® Our analysis of the roentgenographic studies 
in our patients provides new anatomic evidence that in this 
syndrome the area that is consistently involved is not 
principally the cortex, but rather the white matter deep to 
the caudal insula and to the opercular region of the poste- 
rior parietal cortex. 

It should be recognized that CT scans were used to de- 
termine the location of the lesions in our patients, and this 
method has certain limitations. The differentiation be- 
tween destroyed vs damaged tissue is not always accurate; 
individual differences between brains hinder the determi- 
nation of exact boundaries of involved areas despite the 
excellent guides available for this purpose; and the archi- 
tectonic borders of damaged cortex cannot be ascertained 
with certainty without microscopic analysis. Neuropatho- 
logic studies are necessary to verify the assertions made 
with respect to these patients. Nevertheless, CT provides 
a reasonably precise in vivo approximation of the cerebral 
structures affected. 

The cortex overlying the zone of white matter injury 
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(Figure 2 continues on facing page.) 
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Fig 2.—Representative sections of computed tomographic scans of patients 1 through 6, labeled in rows A through F, respectively, to illustrate the 
site and extent of the lesion in each case. The left hemisphere is on the reader’s left side. 


Patient No. 
ee ee a eee eee ee ee ee 
1; 2, 3. 6, Burning 
Burning Burning Freezing, 4, 5, Aching 
Type of Pain Aching Icelike Cold Dull Burning Icelike 


Interval from lesion to onset 
of pain 


= 
a€ 


Pinprick 
Temperature 
Touch threshold 
Vibration 
Proprioception 
Stereognosis 


Graphesthesia 


+ gJ -O TU OCU ao o 


Temporal summation 


t + UOZ Z zZ 0U 


| 


Spatial summation 


Hemianopia 

Visual hemi-inattention 
Dysarthria 

Aphasia 

Dystonia + + = + _ 


Hemiparesis Moderate Minimal Minimal Moderate Moderate Minimal 





*N indicates normal; D, decreased; plus sign, present; and minus sign, absent. 
tHyperpathia present. 
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Patient 1 
Patient 3 AANA 
Patient 4 Ea 
Patient 5 

Uj 
Patient 6 


Fig 3.—The sites of the lesions in the six patients. A, Section through the brain taken at the angle shown by the markers in B. An outline of the extent 
of the lesion in each case was mapped onto this section, and the site of involvement common to all the lesions is shown by the blackened area. 
Area 40 in the inferior parietal lobule, and the primary somatosensory cortex (S) are indicated. B, The extent of the lesions when projected laterally 
onto the hemisphere. The individual patients are identified by the accompanying legend. The lesion common to all cases is shown by the blackened 
area in C. This area was situated deep to both the caudal insula and to the opercular part of the rostral inferior parietal lobule. CS indicates central 


sulcus; LF, lateral (sylvian) tissue. 


common to all our patients includes the rostral inferior 
parietal lobule, and the second somatosensory area (SII). 
The rostral aspect of the inferior parietal lobule is an asso- 
ciation area? largely concerned with cutaneokinesthetic 
integration.” The second somatosensory area located in 
the most inferior aspect of the postcentral gyrus and in the 
upper bank and depth of the lateral (sylvian) fissure has 
been shown physiologically," and by connectional 
studies,’ to contain a somatosensory representation in 
both humans and primates. It contains neurons with 
receptive fields that are large, poorly demarcated, overlap 
extensively, and often have bilateral representation.” 
Lesions of SII and the insula produce asymbolia for pain, 
suggesting that SII is an important cortical locus for the 
conscious perception of noxious stimuli." Moreover, 
recent positron emission tomographic studies in human 
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volunteers subjected to noxious stimulation have demon- 
strated increased metabolic activity in SII, as well as in the 
postcentral and cingulate gyri.” 

Within the thalamus, the intralaminar nuclei (notably 
the centralis lateralis), and the lateral ventroposterior 
(VPL), medial ventroposterior (VPM), and inferior ventro- 
posterior (VPI) nucleiventroposterior nuclei (VPL, VPM, 
and VPI) are known to contain nociceptive neurons” and 
receive spinothalamic afferents. Both the rostral inferior 
parietal lobule and SII share reciprocal connections with 
the VPM, VPI, and centralis lateralis nuclei, although the 
precise topography and the total complement of thalamic 
projections is different for these two cortical regions.*°?” 
Thus, at least in the primate, there is an anatomic substrate 
for the transfer of nociceptive information between these 
thalamic nuclei and the SII and rostral inferior parietal 
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cortex. This permits the speculation that in our patients, the 
white matter lesion strategically situated between the 
thalamus and these cortical areas may have been respon- 
sible for disrupting the thalamocortical flow of nociceptive 
information. This disruption may have resulted in a situ- 
ation analogous to the disconnection syndromes*' with 
spontaneous pain as the clinical manifestation. In this re- 
gard, the finding of a metabolically hyperactive thalamus 
on single-photon emission CT imaging in such patients” 
suggests that the mechanism may be related to the loss of 
cortical inhibition of the thalamus. 

The impairment of pinprick and thermal sensation and 
preserved vibratory, position, and tactile sense in the pa- 
tients with more discrete lesions appears to be in agree- 
ment with the physiologic evidence in primates that 
whereas the primary somatosensory cortex is necessary for 
fine tactile discrimination, SII is concerned with nocicep- 
tive information and innocuous stimuli derived from large 
receptive fields.”*'** The loss of graphesthesia and ste- 
reognosis in some of our patients would be consistent with 
disruption of the thalamic connections with the rostral in- 
ferior parietal lobule”*’* because of the contribution of 
these areas to associative somatosensory function.” 

It is not clear whether the left-hemispheric predomi- 
nance in this series is a reproducible observation, or 
whether it is simply coincidental. Earlier studies have em- 
phasized right-hemispheric involvement in this syn- 
drome, and a larger series will be needed to resolve this. 
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Neurologic Signs in Alzheimer’s Disease 


Results of a Prospective Clinical and Neuropathologic Study 


Hans Férstl, MD; Alistair Burns, MD; Raymond Levy, PhD; Nigel Cairns, PhD; Philip Luthert, MRCPath; Peter Lantos, PhD 


e Neurologic signs and their neuropathologic correlates 
were examined in a sample of 56 patients with autopsy- 
proved Alzheimer’s disease (13 men, 43 women; mean age 
at death, 83.1 years; range, 67 to 96 years) from a prospec- 
tive longitudinal study. Full-range regular rigidity with cog- 
wheeling was found in 20 patients and was significantly as- 
sociated with lower neuron counts in the substantia nigra 
and with the presence of Lewy bodies in the brain stem and 
neocortex. Twelve patients with myoclonus had a younger 
age at onset, a lower age at death (mean, 78.6 years), and 
lower neuron counts in the serotoninergic dorsal raphe nu- 
cleus and in the noradrenergic locus coeruleus than did the 
patients without myoclonus. Generalized motor seizures 
were reported in six patients, and they had significantly 
lower counts of pyramidal cells in cortical layers III through 
IV of the parietal cortex (area 7) and slightly decreased py- 
ramidal cell numbers in the parahippocampal gyrus (area 
28). The 19 patients with a positive grasp reflex had an ear- 
lier onset of illness and a significantly inferior performance 
on the Mini-Mental State examination and Cambridge Cog- 
nitive Examination tests. They, and 25 patients with a pos- 
itive snout reflex, had significantly lower counts of large 
pyramidal cells in layers III through V of the frontal cortex 
(area 32). These results indicate that different neurologic 
symptoms in Alzheimer’s disease can be related to dispro- 
portionate neuronal degeneration in functionally different 
brain areas. 
(Arch Neurol. 1992;49:1038-1042) 


A eass disease (AD) has usually been character- 

ized by neuropsychological deficits and psychiatric 
symptoms, but Alzheimer’ mentioned seizures developing 
late in the course of the illness in his second patient. The 
National Institute of Neurological and Communicative 
Disorders and Stroke/ Alzheimer’s Disease and Related 
Disorders Association (NINCDS/ADRDA) criteria state 
that increased muscle tone, myoclonus, gait disorder, or (in 
advanced disease) seizures are compatible with a clinical 
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diagnosis of “probable AD.”? Recent studies have shown 
that these symptoms and primitive reflexes are frequently 
observed in patients satisfying NINCDS/ADRDA criteria 
and that the frequency often increases with greater disease 
severity.*° 

The present study examined data from the first 56 
patients who came to postmortem examination from a 
larger longitudinal study. The frequency of neurologic 
signs in the whole group has been reported elsewhere.’ The 
following hypotheses were tested: (1) Rigidity is correlated 
with neuronal loss and Lewy body pathology in the sub- 
stantia nigra.°* (2) Myoclonus is related to neuronal loss in 
the aminergic brain-stem nuclei.” (3) Patients with gen- 
eralized motor seizures have more severe cortical and hip- 
pocampal abnormalities." (4) Primitive reflexes are as- 
sociated with more severe frontal lobe abnormalities.*"* 


PATIENTS AND METHODS 


The clinical diagnosis of AD according to NINCDS/ADRDA 
criteria? was verified neuropathologically” in all 56 patients who 
were included in this study. Details about the patient sample and 
the clinical methods employed have previously been published." 
The demographic characteristics of the patient group are pre- 
sented in Table 1. All patients had undergone regular clinical ex- 
aminations, last administered within 12 months before death. The 
evaluation included tests of the neurologic and cognitive state, eg, 
the Mini-Mental State examination” and the Cambridge Cogni- 
tive Examination." The resting muscle tone in the patients’ arms 
was examined by irregular passive extension and flexion of the 
elbow and wrist joints. The presence of full-range, regular rigidity 
with cogwheeling was considered a sign of parkinsonism.*!"”° My- 
oclonus was regarded as present when brief shocklike muscular 
contractions of the arms, legs, or trunk occurred during the phys- 
ical examination or interview with the patient.°””” The palm of the 
hand was stroked lightly, accompanied by the verbal instruction 
not to grasp the examiner’s hand; if the patient did so, despite the 
instruction being repeated, a grasp reflex was regarded as being 
present.’ A finger was placed on the philtrum of the upper lip 
and tapped lightly with a tendon hammer. If eversion or pouting 
of the lips occurred, the snout reflex was regarded as positive.*7*™ 
The occurrence of tonic-clonic seizures since the onset of dementia 
was noted. Generalized motor seizures were diagnosed if wit- 
nessed by the clinical staff or if there was a clear clinical history of 
seizures from the patient's primary caregivers.*’* These descrip- 
tions were not usually sufficient to establish whether the seizures 
were focal or generalized in onset. The examinations were carried 
out independently by two examiners. Only symptoms that could 
be determined unequivocally and, for statistical reasons, that were 
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Table 1.—Demographic Characteristics and Cognitive State of the Total Patient Sample 


With Alzheimer’s Disease and of Subgroups 


Total Sample 
(n=56) 


Gender, No. M/F 13/43 7/13 


Mean (+SD) 
age at onset, y 


Mean (+SD) 
duration of illness, y 


Mean (+SD) 
age at death, y 


Mini-Mental State 
examination [30]|| 


CAMCOG, total [107]|| 


Language subscore [30]]|| 


75.4+7.4 re De je i 


7.7+4.6 7.9+4.6 


83.1+6.2 81.6+6.3 


5.3 (0-21) 
16.7 (0-66) 
7.6 (0-24) 
2.1 (0-16) 
2.5 (0-11) 


4.6 (0-20) 
13.6 (0-57) 
5.9 (0-24) 
1.7 (0-6) 
2.5 (0-11) 


Memory subscore [27]]|| 


Praxis subscore [1 2]]| 


Myoclonus 
(n=12) 


3/9 
69.327 27 
9.34.3 
78.6+6.8§ 


2.8 (0-10)4] 
9.2 (0-36) 
4.3 (0-15) 
0.9 (0-4) 
1.3 (0-6) 


Subgroup 


Generalized 


Motor Seizures* 


(n=6) 
2/4 


76.2+9.8 


8.5+4.3 


84.7+7.7 


5.6 (0-21) 
8.0 (0-44) 
3.2 (0-15) 
1.0 (0-6) 
1.3 (0-8) 


Positive 


Grasp Reflex 


(n=19) 
5/14 


71.2+6.4¢ 


9.1+4.0 


80.3+4.9 


2.0 (0-13)# 
6.3 (0-41)# 
3.0 (0-19)# 
0.6 (0-5)# 
0.7 (0-4)# 


Positive 
Snout Reflex 
(n=25) 


8/17 
13.7202 


9.4+4.9 


83.1+5.4 


6.6 (0-18) 
20.9 (0-57) 
9.4 (0-22) 
2.5 (0-7) 
3.0 (0-9) 





*Cumulative findings (all others represent findings during the last year of life). 


tF=12.2 (1,52), P=.001. 
+F=5.4 (1,45), P=.025. 
§F=8.9 (1,52), P=.004. 


Maximum score in brackets. Data are given as mean (range). CAMCOG indicates Cambridge Cognitive Examination.'® 


q Wilcoxon, Mann-Whitney U test, P=.047. 
#Wilcoxon, Mann-Whitney U test, P<.001. 


observed in five or more patients were included in this study. 
When the symptoms were questionable, mild, or transient (with 
the exception of generalized motor seizures), they were excluded 
from the statistical comparison. 

Among others, the following tissue blocks were taken from 
brains fixed in 10% formol-saline: frontal lobe (including area 32); 
parietal lobe (area 7); mediotemporal lobe (parahippocampal gy- 
rus, hippocampus); basal forebrain (basal nucleus of Meynert); 
mesencephalon (substantia nigra); and pons (including the largest 
diameter of the locus coeruleus and the dorsal raphe nucleus). 
Blocks from the left hemisphere were available in 17 cases, from 
the right hemisphere in 15 cases, and from both hemispheres in 24 
cases. Previous analysis had not revealed any significant differ- 
ences between the left and right hemispheres. Therefore, findings 
from both sides were included in this analysis. When both hemi- 
spheres were available, one of them was chosen at random. Neu- 
ron counts from the left and right locus coeruleus and the left and 
right dorsal raphe nucleus correlated highly (Pearson’s r>.90). 
Therefore, neurons were counted on both sides, and the results of 
these counts were averaged. The sections were stained with luxol 
fast blue—cresy] violet (14-um sections), hematoxylin-eosin (7-j.m 
sections), and antiubiquitin (DAKO Diagnostics, Hamburg, Ger- 
many) (7-um sections) and impregnated with silver according to 
Glees and Marsland (14-um sections). Large pyramidal cells in the 
cortex and hippocampus were defined as Nissl-positive cells with 
a prominent nucleolus and a maximum diameter greater than 20 
um. Neurons in the substantia nigra and locus coeruleus were de- 
fined as Nissl-positive neuromelanin-containing nucleolated cells 
witha maximum diameter of more than 20 um. In the dorsal raphe 
nucleus, only cells with a diameter of 25 um ør more were 
counted.”*” Lewy bodies were defined as intracytoplasmic 
eosinophilic inclusions with a diameter of 5 to 25 uym surrounded 
by a pale-blue halo (on hematoxylin-eosin staining) or as homo- 
geneous, usually globoid immunoreactive inclusion bodies in the 
cortex (antiubiquitin stain”). Only preparations free of major ar- 
tifacts were included in this study (which explains differences of 
dfin some of the statistical comparisons). Counts of neurons (luxol 
fast blue-cresyl violet preparation), Lewy bodies (hematoxylin- 
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eosin and/or antiubiquitin stains), and plaques and intracellular 
tangles (Glees and Marsland silver impregnation) were carried out 
visually with an ocular grid at X400 magnification. 

The total numbers of neurons, plaques, and tangles were 
counted in the subcortical nuclei and are presented as counts per 
nucleus per section. In the hippocampus, these histologic features 
were counted in the pyramidal cell layer of the CA1-field (Som- 
mer’s sector”). In the cortex, neurons, plaques, and tangles were 
counted within a rectangular area that included cortical layers III 
through IV (height) in eight adjacent, nonoverlapping columns 
(total column width, 1 mm).” The fields were selected systemat- 
ically and independent of their content halfway between the crest 
of the gyrus and the bottom of the sulcus. The mean values were 
calculated and given as counts per square millimeter. Visual 
counts of large neurons were preferred to automated cell counts 
because of their high reliability.” The examiners were unaware 
of the clinical findings. A subset of samples from 30 cases were 
examined by two examiners. The interrater reliability was high, 
even when the columns examined within the same cortical area 
were not strictly identical. The lowest correlation was found 
for tangle counts in area 32 (Kendall’s t=.48 [30 comparisons]; 
P=.002).* The test-retest reliability for the counts of large neurons 
within marked fields was t=.83 or higher (30 comparisons; P<.001). 

The association between neurologic symptoms and the results 
of neuropathologic examination was evaluated by comparing the 
neuron counts in a subgroup of patients with a certain symptom 
to the counts in the subgroup without this symptom. One-way 
analysis of variance was used because of normal distributions of 
the neuron counts (dependent variable; presence of symptoms 
was the independent variable). Demographic variables were 
considered confounding factors (covariates) if a subgroup of pa- 
tients showed significant differences with regard to the age at 
onset of illness or the age at death (Table 1). We have shown pre- 
viously that gender exerts a critical influence on pyramidal cell 
size (unpublished data). Therefore, gender was examined as a 
covariate for all pyramidal cell counts. The results of cognitive 
testing and of the plaque and tangle counts were not normally 
distributed; statistical differences in these variables were there- 
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Table 2.— 









Neuron Counts in the Total Patient Sample and in Subgroups With Different Neurologic Symptoms* 










Generalized Positive Positive 
Total Sample Rigidity Myoclonus Motor Seizurest Grasp Reflex Snout Reflex 
(n=56) (n=20) (n=12) (n=6) (n=19) (n=25) 





















489.7+301.8 










Substantia nigra [45] 348.7+280.0F  528.4+293.6 373.8+261.8 512.5+399.8 477 .7+304.2 
Dorsal raphe nucleus [52] 22.92:19.0 INA oP Le 16.8+6.1§ TIZER 23.1215.5 26.3+23,.2 
Locus coeruleus [53] 48.0+44.9 44.9+ 26.9 40.1+19.1§ 50.7+44.6 46.1+27.4 48.6+26.6 
Hippocampus CA1 [55] 208.9+100.8 209.8+119.5 228.7+96.0 213.4+110.8§ 203.9+106.0 202.6+90.2 
Parahippocampal gyrus [49] 226.1+149.2 211.1+92.1 210.2+116.0]| 130.7+140.8§ 200.5+108.8 219.8+1074 
Parietal cortex area 7 [46] 295.12116.8 283.11124 333.4+105.6# 199.12107.T**  310:62100.8 303.0+98.2 
Frontal cortex area 32 [51] 297721135 301.32108.8 282.64105.7tt  322.4+168.7 251.9494.34¢ 267.7 +96§§ 





*Counts are given as numbers per nucleus per horizontal section for substantia nigra, dorsal raphe nucleus, and locus ceruleus. For hippocampus 


and cortex, counts are presented as numbers per square millimeter. Numbers of available histologic sections are in brackets. 


tCumulative findings. 
+F=3.2 (1,43), P=.041. 
§No statistically significant difference. 


Higher counts of intraneuronal tangles: Wilcoxon, Mann-Whitney U test (two tailed), U=94.0, P=.001. 

q Higher counts of intraneuronal tangles: Wilcoxon, Mann-Whitney U test (two tailed), U=160.0, P=.024. 

#Higher counts of intraneuronal tangles: Wilcoxon, Mann-Whitney U test (two tailed), U=99.0, P=.010. 

**F=3.1 (1,44), P=.042. Analysis of covariance: covariate, gender (F=0.01 [1], not significant); main effect, grand mal seizures (F=3.2 [1,43], P=.04). 

ttHigher counts of intraneuronal tangles: Wilcoxon, Mann-Whitney U test (two tailed), U=136.0, P=.029. 

+#F=3.7 (1,40), P=.031. Analysis of covariance: covariates, gender (F=8.1 [1], P=.007), age at onset (F=3.5 [1], not significant), and age at death 
(F=2.5 [1], not significant); main effect, grasp reflex (F=4.3 [1,39], P=.022). 

§SF=3.4 (1,40), P=.036. Analysis of covariance: covariates, gender (F=9.9 [1], P=.003), duration (F=3.8 [1], P=.06); main effect, snout reflex (F=5.2 
[1,38], P=.015). Higher counts of intraneuronal tangles: Wilcoxon, Mann-Whitney U test (two tailed), U=147.0, P=.026. 


fore examined with the Wilcoxon, Mann-Whitney U test. We ex- 
amined the predictions based on the hypothesis (given in the in- 
troduction) separately by means of one-tailed tests. Because of the 
small number of these hypothesis-based comparisons, corrections 
for multiple comparisons were not considered to be required. The 
full data set is given in Table 2 to explore possible unexpected as- 
sociations between clinical and neuropathologic findings to be 
determined (none was found). The data analysis was carried out 
with SPSS.” 


RESULTS 


The demographic characteristics of the patient sample 
with neuropathologically verified AD and the frequency of 
_ neurologic symptoms are given in Table 1. Five patients 
had presenile AD, with an onset of illness before age 65 
years. The majority of the patients suffered from senile AD. 
The mean age at onset was 75.4 years, and the average age 
at death was 83.1 years. Seventy-seven percent of our pa- 
tients were women. Table 2 shows the results of the neu- 
ron counts in different cortical and subcortical areas. 

Full-range, regular rigidity with cogwheeling was found 
in 20 patients. The male-female ratio, the ages at onset or 
death, the duration of illness, and these patients’ scores on 
the Mini-Mental State examination or Cambridge Cogni- 
tive Examination were not significantly different from the 
findings in patients without rigidity (Table 1). None of 
these patients received treatment with neuroleptics or 
benzodiazepines at the time of examination, and there 
were no relevant differences regarding the drug history of 
the patients with and without rigidity. The counts of pig- 
mented cells in the substantia nigra were significantly 
lower than in the subgroup of patients with AD without 
rigidity (Table 2). Lewy bodies were found in five of the 20 
patients with rigidity but in only two of 36 patients with- 
out it (x*=2.84 [1], P=.045). If present, the Lewy bodies were 
consistently found in the substantia nigra and the neocor- 
tex, and less often in other brain-stem nuclei or in the basal 
nucleus of Meynert. 

Myoclonus was observed in 12 patients. In four patients, 
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the myoclonus was either focal or multifocal, affecting the 
extremities. Eight patients developed generalized myoclo- 
nus, which was usually more severe and more frequent 
(more than one jerk per minute). There was no evidence of 
metabolic causes in any of the patients. The patients with 
myoclonus had a significantly earlier onset of illness and 
a younger age at death. Their cognitive performance was 
slightly worse (Table 1). The counts of pigmented neurons 
in the dorsal raphe nucleus and in the locus ceruleus were 
lower than the counts in patients without myoclonus, but 
this effect did not reach statistical significance. Patients 
with myoclonus had significantly higher numbers of 
intraneuronal tangles in the parahippocampal gyrus and 
in the frontal and parietal cortex (Table 2). 

One or more generalized motor seizures were reported 
in the late stages of illness in six patients; two of them also 
showed myoclonus. No demographic or cognitive differ- 
ences associated with generalized motor seizures were 
observed (Table 1). The numbers of large pyramidal cells 
in cortical layers III through IV were significantly de- 
creased in the parietal lobe (area 7) and slightly lower in 
the parahippocampal gyrus (area 28) but not in the CA1 
field of the hippocampus (Table 2). 

A snout reflex could be elicited in 25 patients and a grasp 
reflex in 19 patients with AD. Patients with a positive grasp 
reflex had an earlier onset of illness and a younger age at 
death (Table 1). Their cognitive impairment estimated by 
the Mini-Mental State examination and Cambridge Cog- 
nitive Examination score was significantly worse (Table 1). 
The numbers of large pyramidal cells in the frontal lobe 
(area 32) were significantly lower in the subgroups defined 
by a positive grasp or snout reflex. The number of cortical 
tangles was higher in these patients, and this effect was 
statistically significant in the frontal lobe and parahippo- 
campal gyrus of the patient group with a positive snout 
reflex (Table 2). We did not observe significant differences 
in the cortical or subcortical plaque counts related to any 
of the neurologic signs under investigation. 
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COMMENT 


Our results can be summarized as follows: (1) Parkinso- 
nian cogwheel rigidity was significantly associated with 
decreased numbers of large pigmented neurons in the 
substantia nigra and with the presence of Lewy bodies in 
brainstem and cortex. (2) Patients with myoclonus had 
slightly lower neuron counts in the dorsal raphe nucleus 
and locus coeruleus, but not in the substantia nigra, than 
did patients with AD without myoclonus, and they had 
significantly higher cortical tangle numbers. (3) Numbers 
of large pyramidal cells in the parietal cortex (area 7) and, 
to a lesser extent, in the parahippocampal gyrus (area 28) 
were decreased in a subgroup of six patients with gener- 
alized motor seizures. (4) Grasp and snout reflex were ob- 
served in patients with lower counts of pyramidal cells in 
the frontal lobe (area 32). 

Moderate to severe full-range rigidity with cogwheeling 
was seen in 36% of our patients with AD. Other compar- 
ative studies have shown that rigidity—or “paratonia”— 
was more common in patients with AD than in age- 
matched nondemented controls.*°** Depending on the 
clinical instruments, diagnostic criteria, patient samples, 
and stages of illness, rigidity or paratonia has been 
described in 9%***° to 78%°*° of patients with AD. A corre- 
lation between the frequency or severity of rigidity and 
severity of cognitive impairment or the stage of dementia 
has been observed consistently.” Most of the patients in 
our study had severe cognitive impairment, and this may 
account for the comparably small differences between the 
patients with and without cogwheel rigidity. Five of the 
seven patients with Alzheimer changes and Lewy bodies 
in the brain stem and cortex showed full-range cogwheel 
rigidity. This association between rigidity and Lewy body 
formation or cell loss in the substantia nigra is inagreement 
with earlier reports on parkinsonian features in patients 
with verified AD.°* 

Myoclonus has been reported in less than 5% 
55% of patients with AD.” As with rigidity, several studies 
have described an association between myoclonus and 
greater disease severity or a later stage of illness’ and 
also with an earlier onset of illness.'’’*?!***° We observed 
myoclonus in 21% of our patients and also found that the 
onset of illness, the age at death, and the cognitive test 
scores were lower than in the subgroup of patients without 
myoclonus. Decreased monoamine metabolites in the cere- 
brospinal fluid and neuronal loss in the serotoninergic dor- 
sal raphe nucleus have been demonstrated in patients with 
AD who have myoclonus.” We found a trend toward 
lower neuron numbers in the dorsal raphe nucleus and lo- 
cus ceruleus in the myoclonic subgroup, but we could not 
confirm our hypothesis statistically. Only two (17%) of 12 
patients with myoclonus had one or more simultaneous 
grand mal seizures. There was no sufficient statistical rea- 
son to assume that this was more than a coincidence.” 

Eleven percent of our patients developed generalized 
- motor seizures, usually late in the course of illness. Closely 
similar rates, between 9% and 22%, have been published 
previously. "364144445 Generalized motor seizures have 
been considered a late symptom of AD related to extensive 
neuronal degeneration and glial changes in the hippocam- 
pus and neocortex.''’*“* We could not verify any significant 
neuronal loss in the hippocampal Sommer’s sector and in 
the frontal lobe, but we found slightly lower pyramidal cell 
counts in the parahippocampal gyrus and significantly 
lower numbers in the parietal cortex (area 7). The latter re- 


5 
5,6,37,41,42 to 


Arch Neurol—Vol 49, October 1992 


sults were based on the statistical comparison of only six 
patients with with AD who had seizures with the subgroup 
without seizures, and they need further confirmation. 

We elicited a positive grasp reflex in 34% of our patients 
and a positive snout reflex in 45%. Previous studies have 
reported a pathologic grasp reflex in 0% to 100% of the pa- 
tients with AD and a positive snout reflex in 7% to 
69% .1337394548 Grasp* and snout* reflexes are more com- 
mon in patients with AD than in nondemented controls, 
but they are not specific markers of one type of demen- 
tia.”*° It has been demonstrated that the grasp and, to a 
lesser extent, the snout reflex*’***’” are related to the de- 
gree of cognitive impairment or stage of dementia. Our re- 
sults confirm this observation: cognitive impairment was 
more severe in the group of patients with AD with a pos- 
itive grasp reflex. This patient group also had a signifi- 
cantly earlier onset of illness (Table 1). We were not able 
to find any relationship between the presence of a snout 
reflex and the degree of cognitive impairment. Such 
reflexes have often been interpreted as “primitive” reflexes 
arising from a removal of cortical inhibitor influence on 
lower brain-stem mechanisms."*”*’ Widespread cerebral 
atrophy with lateral ventricular enlargement has been 
considered the most likely organic substrate of these 
reflexes in dementia.'*”*” Our own earlier computed 
tomographic findings in AD and a number of case studies 
on patients with frontal lobe lesions*"* suggested that the 
grasp and snout reflexes might be more specifically related 
to pathologic changes in the frontal lobes. The present re- 
sults seem to confirm this hypothesis (Table 2): grasp re- 
flex and snout reflex were associated with a decrease of 
large pyramidal cells in cortical layers III through IV in the 
frontal lobes (area 32), but not in the other areas examined. 

Our findings indicate that the heterogeneous clinical 
symptoms in AD may correlate with different patterns of 
neuropathologic change. 
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Matching-to-Sample Deficits in Patients With Senile 
Dementias of the Alzheimer and Lewy Body Types 
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e Using a computerized matching-to-sample task, nonver- 
bal visual recognition memory was studied in two groups of 
patients suffering from senile dementia of the Alzheimer 
type or the recently described senile dementia of the Lewy 
body type. The patients’ cognitive abilities had been shown 
to be similar according to a number of standard psycho- 
metric tests. The two groups did not differ with respect to 
simultaneous matching-to-sample performance, although 
both were impaired relative to control. The group with se- 
nile dementia of the Lewy body type was severely impaired, 
relative to the group with senile dementia of the Alzheimer 
type, when delays (delayed matching to sample) were 
introduced. The findings suggest that short-term mnemonic 
processes, mediated by temporal lobe structures, could be 
more severely affected in senile dementia of the Lewy body 
type. 
(Arch Neurol. 1992;49:1043-1046) 


R ecent surveys of demented patients coming to autopsy 
have identified approximately 20% of cases with 
neuropathological, clinical, and neurochemical features 
distinct from senile dementia of the Alzheimer type 
(SDAT), multi-infarct dementia, mixed SDAT-multi- 
infarct dementia, and Parkinson’s disease (PD).'* This dis- 
order has received several designations, one of which is 
senile dementia of the Lewy body type (SDLT), and it could 
represent the second most common type of dementia after 
SDAT. It is characterized by senile plaque formation with 
few, if any, neocortical neurofibrillary tangles— 
insufficient to meet the criteria for SDAT—and variable 
neocortical, limbic, and subcortical (including substantia 
nigra, locus ceruleus) Lewy body formation. The exact no- 
sological status of this group of patients remains contro- 
versial, partly due to the difficulties of interpretation of 
coexisting SDAT-type pathological manifestations (senile 
plaques and neurofibrillary tangles). Some authors’ con- 
sider such patients to represent a subset (about 33%) of 
SDAT cases, but others” have argued that different inter- 
pretations need to be considered. The SDLT cases that 
formed the basis for our clinical operational criteria had 
neocortical neurofibrillary tangle counts of less than 10% 
of an age-matched SDAT group’s counts, and the neuro- 
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pathological features of patients with SDLT were not typ- 
ical of SDAT. 

In SDLT, as in other types of dementia, there is a marked 
loss of cognitive and mnemonic ability. Many psychometric 
tests can be used to assess impairments, but most provide 
global estimates of performance. This might obscure differ- 
ences between different types of dementia. For example, 
short-term memory mechanisms might be more severely af- 
fected in one type of dementia, but they would not be de- 
tected if tests involving long-term memories were used. 

The advent of computerized techniques provides a pow- 
erful way of studying short-term memory, learning, and at- 
tention processes. For example, the Cambridge (England) 
Neuropsychological Test Automated Battery (CANTAB)'"* 
procedure has already been used to quantify the cognitive 
deficits of patients with SDAT in different stages of the dis- 
ease.'*'* The battery includes a matching-to-sample (MTS) 
test, which provides a convenient way of assessing short- 
term recognition memory. In MTS, subjects are required to 
retain information concerning a particular (sample) stimulus 
over a delay (retention) interval of several seconds, and then 
to select the sample from a number of (choice) stimuli. 
Matching-to-sample has an ancient history and was used 
two centuries ago to communicate with Victor, the wild boy 
of Aveyron.” More recently, it has been used in primate,'**! 
including human,” studies of memory and forgetting. In this 
study, we contrast performance of patients with SDAT and 
patients with SDLT with that of healthy elderly subjects us- 
ing the MTS task taken from CANTAB. The aim was to in- 
vestigate whether or not short-term recognition memory 
was equally deficient in the two types of dementia. 


SUBJECTS AND METHODS 
Subjects 


Data from 33 subjects (11 male, 22 female) are described. There 
were 16 healthy elderly volunteers (mean [+SEM] age, 74.8+1.3 
years), 10 patients with SDAT (78.0+1.7 years) who had the diag- 
nosis of probable SDAT according to National Institute of Neuro- 
logical Disorders and Stroke—Alzheimer’s Disease and Related Dis- 
orders Association criteria,“ and seven patients (77.3+3.1 years) 
with the diagnosis of SDLT according to clinical criteria for the dis- 
ease.” These criteria, which have identified 86% of SDLT cases con- 
firmed at autopsy, include evidence of a fluctuating cognitive im- 
pairment with the occurrence of both episodic confusion and lucid 
intervals. Underlying physical illness adequate to account for the 
fluctuating cognitive state was excluded by appropriate examina- 
tion and investigation. History of stroke disease also led to exclu- 
sion. Patients were additionally required to show (1) visual or au- 
ditory hallucinations, (2) mild spontaneous extrapyramidal fea- 
tures or exaggerated sensitivity to neuroleptic medication, or 
(3) repeated unexplained falls or transient disturbances of con- 
sciousness. Both dementing groups were in the milder stages of de- 
mentia, according to the Clinical Dementia Rating Scale.” Global 
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Table 1.—Summary of Rating Scale and Psychometric Test Results 


119.8+1.6 29.8+0.1 TEL. 2.7 


SDAT 111.4+2.3 19.6+1.0 67.7233 79.625.9 82.1+4.3 
SDLT 109.8+1.0 19.441.1 61.0+2.4 53.9476 68.0+2.0 


*CDR indicates Clinical Dementia Rating scale; NART, National Adult Reading Test; MMSE, Mini-Mental State examination; KOLT, Kendrick Ob- 
ject Learning Task; KDCT, Kendrick Digit Copying Task; WAIS, United Kingdom version of the Revised Wechsler Adult Intelligence Scale; SDAT, 
senile dementia of the Alzheimer type; and SDLT, senile dementia of the Lewy body type. Age-scaled quotients are given for the Kendrick tests, ver- 
bal IQs for NART and WAIS. In all cases, both dementing groups were impaired relative to control but, with the sole exception of the KDCT data, 


Control 116.4+5.1 110.3452 





were not different from each other. 


cognitive abilities were tested using standard psychometric proce- 
dures including the National Adult Reading Test,” Mini-Mental 
State examination (MMSE),” Kendrick Object Learning Task,” Ken- 
drick Digit Copying Task,” and the Vocabulary and Comprehen- 
sion subtests of the United Kingdom version of the Revised 
Wechsler Adult Intelligence Scale”; a summary of these data is 
given in Table 1. 

None of the control subjects failed these tests. All subjects were 
tested for and found to have adequate color vision. Sensorimotor 
capacity was verified before testing the CANTAB, by assessing 
the subjects’ ability to point to 4X4-cm crosses appearing at ran- 
dom locations on the screen. 

The study was approved by the local ethics committee, and in- 
formed consent was also obtained from all participants and care 
givers. 


MTS Procedure 


Microcomputer-generated stimuli were presented on a 36-cm 
(14-in) color monitor fitted with a touch-screen. The computer 
was handled by the experimenter, who gave subjects instructions 
and practice trials. 

Matching-to-sample involved the opening of a 4x 4-cm red box, 
located at the top center of the screen, to reveal a sample stimu- 
lus, which was one of a number of abstract dot patterns involv- 
ing different arrangements of two components: four types of 
shape and four colors, measuring 2 cm long by 1 cm high. This 
was followed by the opening of four boxes of the same size, which 
revealed four different choice stimuli in a row along the screen. 
One stimulus was always identical in shapes and colors to the 
sample stimulus; a second differed in shapes but had the same 
color components; the third differed in colors but not shapes; and 
the fourth (a distractor) differed in both shapes and colors. One 
quadrant of any stimulus was common to all four stimuli. 

In simultaneous MTS (SMTS), the sample stimulus remained on 
when the choice stimuli appeared. In delayed MTS (DMTS), the 
sample was presented for 4.5 s, then disappeared, and choice 
stimuli were presented 0, 4, or 12 seconds later. When the choice 
stimuli appeared (and they remained on indefinitely until a 
response was made), subjects had to point to the one on the lower 
row that resembled the sample. Audible and visual feedback was 
provided by the machine, and the stimuli remained until a cor- 
rect response was made. 

Three different error types could occur: S, being incorrect 
shape but correct color; C, incorrect color but correct shape; and 
D (distractor), incorrect shape and incorrect color. The delays (in- 
cluding SMTS) were scheduled in a pseudorandom order, with 
10 trials at each value. 

Data concerning accuracy (initial choice percent correct), re- 
sponse latency (correct responses), and error type were recorded. 
Performance during the course of the session was also examined 
for signs of fluctuation. Each subject’s percent correct score for 
each quarter (four runs of 10 trials) was calculated and then 
weighted because in any given quarter, the different delays were 
not presented an equal number of times (although every subject 
received the same sequence). The variance of these weighted 
scores, termed the index of fluctuation (I, was then calculated in 
the usual manner. 
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Control 122 18.1 9.7 
SDAT 50.6 28.1 21.3 


SDLT 39.2 bed 28.1 










*S, indicates errors selecting wrong shape; C,, errors selecting wrong 
color; D, errors selecting wrong shape and color (distractor); SDAT, se- 
nile dementia of the Alzheimer type; and SDLT, senile dementia of the 
Lewy body type. 


Delay, s 





Percent correct (+SEM), matching-to-sample, in controls (squares), pa- 
tients with senile dementia of the Alzheimer type (upward-pointing tri- 
angles), and patients with senile dementia of Lewy body type 
(downward-pointing triangles). Note that chance performance (broken 
horizontal line) is 25%. SIM indicates simultaneous condition. 


Statistical Analyses 


The data were analyzed using parametric analysis of variance 
(ANOVA), with or without transformation (percents, arcsin; 
latencies, logarithmic; I;, square root), and means were compared 
by the Newman-Keuls test.® The nonparametric information sta- 
tistic (27, a likelihood ratio test similar to x? analysis) was also 
used.” Correlation analysis between MMSE scores (dementing 
groups only) and MTS indices were undertaken using bivariate 
regression analysis.” 


RESULTS 


Both SDAT and SDLT groups’ SMTS performance was 
impaired relative to control (F[2,30]=8.958, P<.01), but 
they did not differ from each other. The DMTS data indi- 
cated that both patient groups performed worse than con- 
trol (F[2,30]=49.509, P<.01), the SDLT group being signif- 
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icantly more impaired than the SDAT group. Performance 
declined with increasing delay (F[2,60]=3.073, P=.05), but 
the group-by-delay interaction was not significant (F<1). 
The percent correct scores for all groups and delay condi- 
tions are given in the Figure. 

The corresponding latency analyses indicated that both 
patient groups responded slower than control (SMT, 
F[2,30]=16.067, P<.01; DMTS, F[2,30]=5.661, P<.01) but 
were not different from each other. In DMTS, latencies in- 
creased with delay (F[2,60]=8.659, P<.01), but the group-by- 
delay interaction term was not significant (F[4,60]=1.434, 
P>.2). The SMTS and DMTS means (+SEMs) were as fol- 
lows: control, 3.85+0.34 and 4.45+0.23 seconds; SDAT, 
11.35+2.63 and 10.07+1.30 seconds; and SDLT, 16.56+3.70 
and 9.81+1.71 seconds, respectively. 

Analysis of I; the quarterly variance index, showed that 
there were no group differences (F[2,30]=1.089, P>.3). The I; 
means were as follows: control, 14.6+3.1; SDAT, 29.5+10.7; 
and SDLT, 23.3+6.4. In other words, there was no evidence 
that the performance of the patients with SDLT (or SDAT) 
fluctuated, relative to control, during the course of the MTS 
test session. However, “floor” effects due to poor perfor- 
mance in the delay conditions might have confounded the 
analysis. In particular, the SDLT group had poor DMTS per- 
formance. Accordingly, I; was calculated for SMTS, where 
performance levels were above chance. The subsequent 
analysis was significant (F[2,30]=7.865, P<.01). Both SDAT 
and SDLT groups fluctuated more than controls, but they 
were not different from each other. The mean SMTS I; values 
were as follows: control, 28.4+14.5; SDAT, 105.8+23.8; and 
SDLT, 86.6+33.8. 

The distributions of error type were also examined. Errors 
can be of three types: S,, C,, and D. The data in Table 2 in- 
dicate that, when an error was made, it was mostly S, (in- 
correct shape but correct color). Information-statistic analy- 
sis indicated that the error distributions differed across 
groups (21=35.62, df=4, P<.01). Further analysis suggested 
that the SDAT and SDLT groups’ error distributions differed 
from control (27=15.602, df=2, P<.01 and 2i=35.244, df=2, 
P<.01, respectively). However, the two patient groups’ pat- 
tern of scores failed to differ significantly from each other 
(23=4.745, df=2, .1>P>.05). 

Finally, analysis was undertaken to determine whether or 
not MTS accuracy in the two dementing groups was corre- 
lated with MMSE scores. This test was chosen since it is a 
commonly used measure of cognitive ability in dementia. 
Whereas the SDAT group’s MTS percent correct perfor- 
mance correlated with MMSE scores (r=.65, P<.05), SDLT 
indices did not (r=.16, P>.7). 


COMMENT 


The aim of this study was to compare and contrast SDLT 
and SDAT using an automated MTS task that enables a sen- 
sitive analysis of mnemonic deficiencies. Recent work has 
shown that MTS is capable of evaluating impairments in 
SDAT''*4 and PD.™? Similar studies involving patients 
with SDLT have not been published. 

Both the SDAT and SDLT groups investigated herein had 
similar degrees of cognitive impairment, as assessed by some 
standard tests of cognitive ability in dementia. While detect- 
ing impairments in both patients with SDLT and patients 
with SDAT, these psychometric tests failed to discriminate 
between the two groups. The Kendrick Digit Copying Task” 
was the only psychometric test to indicate that the SDLT 
group patients were more impaired than patients with SDAT, 
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but this almost certainly reflects a mild and, in the context of 
these neuropsychological tests, trivial degree of motor im- 
pairment suffered by the patients with SDLT. There is a 40% 
to 60% loss of substantia nigra neurons in SDLT cases going 
to autopsy, compared with about 80% in PD cases and none 
in SDAT cases,’ and this dopaminergic loss could account for 
the Kendrick Digit Copying Task result, as well as the slightly 
longer response latencies recorded for the SDLT group. 

All three groups were able to do SMTS, even though both 
patient groups were impaired relative to control (Figure). 
This finding suggests that the mildly to moderately impaired 
patients tested in this study had understood, and were per- 
ceptually capable (in terms of visual acuity) of performing, 
the task at its simplest level. In other words, procedural 
memory was not severely impaired, a finding that agrees 
with other reports on (relatively mildly impaired) patients 
with SDAT, using MTS" or different learning and memory 
tasks. It has been suggested that SMTS tasks require ef- 
ficient attentional ability,'*'* mediated in part by the nigro- 
striatal dopaminergic system: patients with PD perform 
poorly on SMTS." In the present study, the worst SMTS per- 
formance was shown by the patients with SDLT, who, unlike 
patients with SDAT, have dopaminergic deficiencies. How- 
ever, the data did not reach statistical significance: it is pos- 
sible that larger group sizes may demonstrate that patients 
with SDLT are reliably impaired, relative to SDAT, which 
would point to perceptual and attentional deficiencies. 

On the other hand, DMTS data distinguished between 
groups: although performance of the SDAT group was im- 
paired relative to that of the controls, it was better than chance 
(25%) and superior to that of the SDLT group. The latency 
analysis indicated that both subjects with SDAT and those 
with SDLT were slow to respond, but their latencies did not 
differ from each other. This demonstrates that differences in 
general responsiveness cannot account for the substantial 
group difference in performance accuracy (percent correct). 

The design of the MTS stimuli enabled a detailed error 
analysis, which helps to specify more precisely the nature of 
the mnemonic deficit. The analysis indicated that controls, 
and to a lesser extent patients with SDAT and with SDLT, 
retained information concerning the sample stimulus and of- 
ten did not guess at random when subsequently making a 
choice. The pattern of errors (Table 2) suggests that, when 
errors were made, subjects tended to remember the correct 
colors (but not shapes). However, the increased number of 
errors made by the dementing patients to the distractor stim- 
ulus, which had neither shape nor color in common with the 
sample stimulus, suggests that encoding mechanisms (the 
ability to categorize stimuli according to their specific prop- 
erties before committing them to memory) were impaired. 
This would explain the large deficit even at the shortest delay 
interval, particularly with respect to the SDLT group. 

The MTS task lends itself to a “within-session” analysis. 
Given that subjects with SDLT are prone to attentional and 
consciousness fluctuations,“ it is possible that disruptive 
miniepisodes might have occurred during the approxi- 
mately 15-minute duration of the test, even though care was 
taken to avoid or abort testing should the patient report or 
evince the onset of such a state. The problem is that these 
events are unpredictable and could have happened in dif- 
ferent parts of the session for different subjects. Group anal- 
ysis based on percent correct per quarter would therefore be 
meaningless. Accordingly, a measure of fluctuation (I;) was 
calculated: this assesses individual performance variability, 
regardless of the quarter in which it occurs. Subsequent anal- 
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ysis indicated that none of the groups differed from each 
other. On the other hand, there was evidence from the SMTS 
data, where performance levels were well above chance, to 
suggest that the performance both of patients with SDLT and 
of those with SDAT fluctuated, the latter group showing the 
greater variability. These data indicate that fluctuation was 
not a distinguishing feature, at least during the short course 
of the MTS task used in this study. 

These findings demonstrate that some deficiencies in pa- 
tients with SDLT can be more severe than those seen in pa- 
tients with SDAT. This is in agreement with other findings 
from our laboratory using the same subjects, which sug- 
gested that patients with SDLT were more impaired on a 
conditional learning paired associate task.” However, the 
data do not permit a qualitative distinction between the two 
disorders, and it could be argued that the SDLT impairment 
merely reflects a more advanced stage of SDAT. This inter- 
pretation is not supported either by the diagnostic criteria” 
used to assess the patients, or by the results of standard meth- 
ods commonly used to measure the severity of cognitive de- 
cline (Clinical Dementia Rating Scale, MMSE, National 
Adult Reading Test, Kendrick Object Learning Task, and 
United Kingdom version of the Revised Wechsler Adult In- 
telligence Scale), which indicated that both dementing 
groups had similar, if not identical, deficits. In this latter con- 
text, it is worth noting that there was a significant correlation 
between the SDAT group’s MTS accuracy and MMSE scores. 
This was not true for the patients with SDLT, but their poor 
performance on DMTS might have masked any effect: these 
data are difficult to interpret. In any case, a high correlation 
between MMSE and MTS performance is not to be expected: 
the MMSE is a test involving several different cognitive do- 
mains, including long-term memory, while MTS focuses on 
the short-term retention of novel, abstract information. 

Evidence from primate and human studies indicates that 
MTS performance is disrupted by inferotemporal abla- 
tions?” and by hippocampal lesions.” In particular, these 
studies have suggested that posterior inferotemporal lesions 
disrupt the encoding of information, while more anterior ones 
disrupt retrieval processes.'””' It is tempting to speculate that 
the exceptionally marked impairment demonstrated by the 
SDLT group, who were unable to tolerate even short delays 
(Figure), reflects relatively severe degeneration of these tem- 
poral lobe structures in the early stages of the disease, when 
neuropathological confirmation is not normally possible. 


We thank Trevor W. Robbins, PhD, for his comments on an earlier 
version of the manuscript, the Janssen Research Foundation, Wantage, 
United Kingdom, that provided financial support for the purchase of the 
software, and Maureen Middlemist for manuscript preparation. 

The CANTAB software and hardware was purchased from Paul Fray 
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seizures 

Withdrawal seizures were reported in a two-day-old male infant whose mother had taken a butalbital-containing 
drug “ad bin last 2 months of pregnancy. Butalbital was found in the infant's serum. The infant was given phenobarbital 
5mg/kg, which was tapered without further seizure or other withdrawal symptoms. 

Studies of aspirin use in pregnant women have not shown that aspirin increases the risk of abnormalities when 
administered during the first trimester of pregnancy In controlled studies involving 41,337 pregnant women and 
their offspring, there was no evidence that aspirin taken during pregnancy caused stillbirth, neonatal death or reduced 
birth weight. In controlled studies of 50,282 pregnant women and their offspring, aspirin administration in moderate 
and heavy doses during the first four lunar months of pregnancy showed no teratogenic effect. 

Reproduction studies have been performed in rabbits and rats at doses up to 150 times the human dose and 
have revealed no evidence of impaired fertility or harm to the fetus due to codeine 

Therapeutic doses of aspirin in pregnant women close to term may cause bleeding in mother, fetus, or neonate. 
During the last 6 months of pregnancy, regular use of aspirin in high doses may prolong pregnancy and delivery 

Labor and Delivery: Ingestion of aspirin prior to delivery may prolong delivery or lead to bleeding in the mother 
or neonate. Use of codeine during labor may lead to respiratory depression in the neonate 

Nursing Mothers: Aspirin, caffeine, barbiturates and codeine are excreted in breast milk in small amounts, but 
the significance of their effects on nursing infants is not known. Because of potential for serious adverse reactions 
in nursing intants trom Fiorinal® with Codeine, a decision should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug to the mother 

Pediatric Use: Safety and effectiveness in children below the age of 12 have not been established. 


ADVERSE REACTIONS: Commonly Observed: The most commonly reported adverse events associated with the 
use of Fiorinal® with Codeine and not reported at an equivalent incidence by placebo-treated patients were nausea 
and/or abdominal pain, drowsiness, and dizziness. 

Associated with Treatment Discontinuation: Of the 382 patients treated with Fiorinal® with Codeine in controlled 
Clinical trials, three (0.8%) discontinued treatment with Fiorinal® with Codeine because of adverse events. One patient 
each discontinued treatment for the following reasons: gastrointestinal upset, lightheadedness and heavy eyelids; 
and drowsiness and generalized tingling. 
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events reported by at least 1% of the ® with Codeine treated patients in controlled clinical trials comparing 
ia phi Codeine to placebo, and provides a comparison to the incidence rates reported by the placebo- 
treat nts, 

The prescriber should be aware that these figures cannot be used to predict the incidence of side effects in 
the course of usual medical practice where patient characteristics and other factors differ from those that prevailed 
in the clinical trials. Similarly, the cited frequencies cannot be compared with figures obtained from other clinical 
investigations involving different treatments, uses, and investigators. 


Adverse Events Reported by at Least 1% of Fiorinal® with Codeine Treated Patients 
During Placebo Controlled 











Clinical Trials 
Incidence Rate of Adverse Events 

Body System/ Fiorinal®/Codeine Placebo 

Adverse Event É (N = 382) (N = 377) 
Central Nervous 

Drowsiness 24% 0.5% 

Dizziness/Lightheadedness 26% 0.5% 

Intoxicated Feeling 10% 0% 
Gastrointestinal 

Nausea/Abdominal Pain 3.7% 08% 





Other Adverse Events Reported During Controlled Clinical Trials: The listing that follows represents the proportion 
of the 382 patients exposed to Fiorinal® with Codeine while participating in the controlled clinical trials who reported, 
on at least one occasion, an adverse event of the type cited. All reported adverse events, except those already 
presented in the previous table, are included. It is important to emphasize that, although the adverse events reported 
did occur while the patient was receiving Fiorinal® with Codeine, the adverse events were not necessarily caused 
by Fiorinal® with Codeine 

Adverse events are classified by body system and frequency. “Frequent” is defined as an adverse event which 
occurred in at least 1/100 (1%) of the patients; all adverse events listed in the previous table are frequent. “Infrequent” 
is defined as an adverse event that occurred in less than 1/100 patients but at least 1/1000 patients. All adverse 
events tabulated below are classified as infrequent 

Central Nervous: headache, shaky feeling, tingling, agitation, fainting, fatigue, heavy eyelids, high energy, not spells, 
numbness, and sluggishness 

Autonomic Nervous: dry mouth and hyperhidrosis 

Gastrointestinal: vomiting, difficulty swallowing, and neartburn 

Cardiovascular: tachycardia. 

Musculoskeletal: leg pain and muscle fatigue 

Genitourinary: diuresis. 

Miscellaneous: pruritus, fever, earache, nasal congestion, and tinnitus 

Voluntary reports of adverse drug events, temporally associated with Fiorinal® with Codeine, that nave been received 
since market introduction and that were not reported in clinical tuals by the patients treated with Fiorinal® with 
Codeine, are listed below Many or most of these events may have no Causal relationship with the drug and are 
listed according to body system 

Central Nervous: Abuse, addiction, anxiety, depression, disorientation, hallucination, hyperactivity, insomnia, libido 
decrease, nervousness, neuropathy, psychosis, sedation, sexual activity increase, slurred speech, twitching, uncon- 
sciousness, vertigo 

Autonomic Nervous: epistaxis, flushing, miosis, Salivation 

Gastrointestinal: anorexia, appetite increased, constipation, diarrhea, esophagitis, gastroenteritis, gastrointestinal 
spasm, hiccup, mouth burning, pyloric ulcer. 

Cardiovascular: chest pain, hypotensive reaction, palpitations, syneope 

Skin: erythema, erythema multiforme, exfoliative dermatitis, hives, rash, toxic epidermal necrolysis 

Urinary: kidney impairment, urinary difficulty. 

Miscellaneous: allergic reaction, anaphylactic shock, cholangiocarcinoma, drug interaction with erythromycin 
(stomach upset), edema 

The eh adverse drug events may be borne in mind as Eara effects of the components of Fiorinal® 
with Codeine. Potential effects of high dosage are listed in the OVERDOSAGE section of this insert 

Aspirin: occult blood loss, hemolytic anemia, iron deficiency anemia, gastric distress, heartburn, nausea, peptic 
ulcer, prolonged bleeding time, acute airway obstruction, renal toxicity when taken in high doses for prolonged 
periods, impaired urate excretion, hepatitis. 

Caffeine: cardiac stimulation, irritability, tremor, dependence, nephrotoxicity, hyperglycemia 

Codeine: nausea, vomiting, drowsiness, lightheadedness, constipation, pruritus 


DRUG ABUSE AND DEPENDENCE: Fiorinal® with Codeine is controlled by the Drug Enforcement Administration 
and is Classified under Schedule III 

Codeine: Codeine can produce drug dependence of the morphine type and, therefore, has the potential for 
being abused. Psychological dependence, physical dependence, and tolerance may develop upon repeated 
administration and it should be prescribed and administered with the same degree of caution appropriate to the 
use of other oral narcotic medications 

Butalbital: Barbiturates may be habit forming: Tolerance, psychological Gependence, and physical dependence 
may occur especially following prolonged use of high doses of barbiturates. The average daily dose for the barbiturate 
addict is usually about 1,500 mg. As tolerance to barbiturates develops, the amount needed to maintain the same 
level of intoxication increases; tolerance to a fatal dosage, however, does not increase more than two-fold. As this 
occurs, the margin between an intoxication dosage and fatal dosage becomes smaller The lethal dose of a barbiturate 
is far less if alcohol is also ingested. Major withdrawal symptoms (convulsions and delirium) may occur within 16 
hours and last up to 5 days after abrupt cessation of these drugs. Intensity of withdrawal symptoms gradually declines 
over a period of approximately 15 days. Treatment of barbiturate dependence consists of cautious and gradual 
withdrawal of the drug. Barbiturate-dependent patients can be withdrawn by using a number of different withdrawal 
regimens. One method involves initiating treatment at the patient's regular dosage level and gradually decreasing 
the daily dosage as tolerated by the patient 


OVERDOSAGE: The toxic effects of acute overdosage of Fiorinal® with Codeine capsules are attributable mainly 
to the barbiturate and codeine components, and, to a lesser extent, aspirin. Because toxic effects of caffeine occur 
in very high dosages only, the possibility of significant caffeine toxicity from Fiorinal® with Codeine overdosage 
is unlikely 

Signs and Symptoms: Symptoms attributable to acute barbiturate poisoning include drowsiness, confusion, and 
coma; respiratory depression, hypotension, shock. Symptoms attributable to acute aspirin poisoning include hyperpnea: 
acid-base disturbances with development of metabolic acidosis, vomiting and abdominal pain, tinnitus, hyperthermia, 
hypoprothrombinemia; restlessness; delirium; convulsions. Acute caffeine poisoning may Cause insomnia, restlessness, 
tremor, and delirium, tachycardia and extrasystoles. Symptoms of acute codeine poisoning include the triad of: pinpoint 
pupils, marked depression of respiration, and loss of consciousness. Convulsions may occur. 

Treatment: The following paragraphs describe one approach to the treatment of overdose with Fiorinal® with 
Codeine. However, because strategies for the management of an overdose continually evolve, consultation with a 
regional poison control center is strongly encouraged 

reatment consists primarily of management of barbiturate intoxication, reversal of the effects of codeine, and 
the correction of the acid-base imbalance due to salicylism. Vomiting should be induced mechanically or with emetics 
in the conscious patient Gastric lavage may be used if the pharyngeal and laryngeal reflexes are present and 
if less than 4 hours have elapsed since ingestion. A cuffed endotracheal tube should be inserted before gastric 
lavage of the unconscious patient and when necessary to provide assisted respiration. Diuresis, alkalinization of 
the urine, and correction of electrolyte disturbances should be accomplished through administration of intravenous 
fluids such as 1% sodium bicarbonate and 5% dextrose in water 

Meticulous attention should be given to maintaining sway pulmonary ventilation. Correction of hypotension 
may require the administration of levartereno! bitartrate or phenylephrine hydrochloride by intravenous infusion. In 
severe cases of intoxication, peritoneal dialysis, hemodialysis, or exchange transfusion may be lifesaving 
Hypoprothrombinemia should be treated with vitamin K, intravenously. 

Methemoglobinemia over 30% should be treated with methylene blue by slow intravenous administration 

Naloxone, a narcotic antagonist, can reverse respiratory depression and coma associated with opioid overdose. 
Typically, a dose of 0.4 mg to 2 mg is Ta parenterally and may be repeated if an adequate response is not 
achieved. Since the duration of action of codeine may exceed that of the antagonist, the patient should be kept 
under continued surveillance and repeated doses of the antagonist should be administered as needed to maintain 
adequate respiration. A narcotic antagonist should not be administered in the absence of clinically significant respiratory 
or cardiovascular depression. 

Toxic and Lethal Doses: 

Butalbital: toxic dose 1.0 g (adult); lethal dose 2.0-5.0 g 

Aspirin: toxic blood level greater than 30 mg/100 mL, lethal dose 10-30 g (adult) 
Caffeine: toxic dose greater than 1.0 g; lethal dose unknown 
Codeine: lethal dose 0.5-1.0 g (adult) 
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Original Contribution 


Contributions of the Left Intralaminar and 
Medial Thalamic Nuclei to Memory 


Comparisons and Report of a Case 


Mark Mennemeier, PhD; Eileen Fennell, PhD; Edward Valenstein, MD; Kenneth M. Heilman, MD 


e A patient complained of memory disturbance after a 
small left thalamic infarction. Neuropsychological testing 
revealed her memory to be normal provided that she was 
allowed to rehearse or use semantic encoding strategies. 
When these strategies were prevented, her performance 
was impaired. Mapping of the lesion demonstrated involve- 
ment of the caudal intralaminar nuclei (centre médian and 
parafascicular nuclei), and portions of the medial nuclei 
(medioventral [reuniens], centromedial, and the most infe- 
rior aspect of the mediodorsal nucleus). The majority of 
mediodorsal nucleus, the mammillary bodies, the mammil- 
lothalamic tract, and the anterior thalamic nuclei, were 
spared. A comparison among our patient’s performances 
and those of alcoholic Korsakoff patients, patient NA, and 
amnestic patients with circumscribed diencephalic lesions 
suggests that there are two distinct behavioral and anatomic 
types of memory impairment associated with diencephalic 
lesions. The severe amnesia associated with damage to the 
mammillary bodies, midline nuclei, mammillothalamic 
tract, and/or dorsomedial nucleus of the thalamus (eg, Kor- 
sakoff and NA) is characterized by encoding deficits that 
never approximate normal performance. The memory dis- 
turbance associated with damage to the intralaminar and 
medial nuclei of the thalamus is milder and is characterized 
by severe distractibility. 
(Arch Neurol. 1992;49:1050-1058) 


eure lesions of the thalamus can cause severe and 

lasting amnesia. Although it remains uncertain 
which thalamic structures are critical for memory, evi- 
dence from human and animal research suggests that one 
or more of the following structures are important: the an- 
terior nuclei,! the midline nuclei,” the mammillothalamic 
and amygdalofugal tracts,” and the mediodorsal nu- 
cleus.°” It has also been suggested on anatomic grounds 
that the contribution of smaller nuclei (medioventral [re- 
uniens], paracentral, and paraventricular) cannot be ex- 
cluded.’ It has been difficult to ascribe specific importance 
to any single thalamic structure because thalamic lesions, 
both in animals and in humans, almost invariably affect 
more than one thalamic structure and because the neu- 
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ropsychological evaluation of patients in the literature 
varies considerably from case to case. In fact, the patients 
whose behavioral deficits have been studied most exten- 
sively, alcoholic Korsakoff’s and patient NA (who became 
amnestic after a fencing foil penetrated his brain), have all 
had extrathalamic damage as well as damage to several 
areas within the thalamus. When we encountered a patient 
with a discrete thalamic lesion who complained of mem- 
ory dysfunction, therefore, we studied her extensively to 
characterize the nature of her deficits. We found that her 
deficits differed in important respects from those of the 
usual “diencephalic” amnesic, and that the locus of her le- 
sion also differed from that of most patients reported with 
thalamic amnesia. We suggest that the localization of her 
lesion to the caudal intralaminar thalamic nuclei probably 
accounts for the nature of her deficits. 


REPORT OF A CASE 
History and Neurological Examination 


A 44-year-old, left-handed woman with 12 years of education and 
a consistently good work history, including managerial positions at 
retail stores, presented to us. There was no history of focal neuro- 
logic symptoms and there was no history of diabetes, hypertension, 
or migraine. She was taking no medication. On May 21, 1988, she 
was admitted to the hospital with lightheadedness, dizziness, and 
transient loss of consciousness. On awakening, she was alert and 
oriented but had right arm weakness, slurred speech, and diplopia. 
On examination there was right superior rectus muscle weakness, 
reduced fine motor control in the right hand, and decreased pain 
sensation in the right hand. Magnetic resonance imaging (T;- and 
T.-weighted images) 8 days after the stroke showed a nonhemor- 
rhagic, 1-cm lesion in the medial thalamus. An electroencephalo- 
gram performed 2 days after admission was slightly slow on the left 
side. Over the next 3 months her symptoms largely resolved. A sec- 
ond electroencephalogram was read as normal. On August 23, 1988, 
she was readmitted to the hospital with slurred speech, occipital 
headache, and abnormal sensations on the right side, all of which 
subsided in less than 24 hours. Since then she has been followed up 
regularly and has had no new neurologic symptoms. Laboratory 
studies included a complete blood cell count, erythrocyte sedimen- 
tation rate, antinuclear antibodies, rheumatoid factor, VDRL, he- 
magglutination treponemal test for syphilis, lipid profile, antiphos- 
pholipid antibodies, and cerebrospinal fluid cell count, protein, glu- 
cose, IgG, myelin basic protein, and oligoclonal bands—all showing 
normal results. 

Four months following her stroke, the patient was referred for 
evaluation with continuing complaints of memory and concentra- 
tion problems. Specifically, she described difficulty remembering 
dates, conversations, and material she had read. She noticed an in- 
ability to perform simultaneous activities that she was previously 
able to accomplish. For example, she volunteered to cook for a com- 
munity organization but found that she could not talk with other 
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Fig 1.—Left, Axial (TR: 2000, TE: 80 2/2): center, coronal (TR: 2400, TE: 80 2/2); and right sagittal (TR: 600, TE: 20 1/1) sections showing our patient’s 
lesion. 


volunteers and work at the same time. She started bringing work 
home to save herself embarrassment. In daily activities, she was 
devastated by her stroke. She was no longer able to work as she 
could not keep up with the cognitive demands and fatigued quickly. 
Her social activities changed. She stated that she now socialized 
with retired persons partly due to living circumstances and partly 
due to the pace of conversations and activities. This represented a 
marked change in functioning from premorbid levels. Last, the pa- 
tient had complaints of word-finding problems. 

On examination, she was normotensive with normal pulses and 
no carotid or cranial bruits. Other than a 2/6 systolic ejection mur- 
mur, her general physical examination was normal. On neurologic 
examination, she was alert and oriented. Her digit span was 7 num- 
bers forward, and she recalled two of three words after distraction. 
She was able to name nine words that started with the letter s in 1 
minute. When speaking, she sometimes hesitated as if to find a 
word. However, her repetition, comprehension, and naming were 
normal. There was no right-left confusion or finger agnosia, but she 
had difficulty with serial 7s. She could copy a cube, and there was 
no evidence of neglect. Except for a slight subjective decrease of 
touch and pain sensation on the right side the remainder of the neu- 
rological examination was normal. 

Results of routine laboratory studies were normal, as were sed- 
imentation rate, antinuclear antibody, lupus anticoagulant, an- 
tiphospholipid and anticardiolipin antibodies, and a three- 
dimensional echocardiogram. 


Lesion Localization 


A magnetic resonance imaging scan was performed ona 1.5-Tesla 
scanner approximately 9 months after her stroke. Axial, coronal, 
and sagittal sections through the lesion are shown in Fig 1. The an- 
terior and posterior commissures were identified on the midsagittal 
section (not shown), and the ratio of the anterior-posterior commis- 
sures distance on the scan to that of the atlas of Schaltenbrand and 
Bailey’ was used to map the anteroposterior extent of the lesion on 
the midsagittal section of the atlas. Coronal sections from the atlas 
that traversed the lesion were used for mapping (Fig 2). The lateral 
extent of the lesion was estimated, again comparing landmarks (in- 
cluding the midline of the third ventricle, the lateral margin of the 
putamen, and the insular cortical surface) on the axial and coronal 
magnetic resonance imaging sections with similar measurements in 
the atlas. Because of differences in the plane of the section, it was 
more difficult to map the vertical extent of the lesion directly from 
magnetic resonance imaging to the atlas, but estimates were made 
based on measurements in the other two planes and adjusting for 
differences in the plane of the section. We judged that errors caused 
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by tilt of the sections (ie, right up, left down on axial sections, or right 
forward, left back on coronal sections) would be small since the le- 
sion was close to the midline. 

The lesion was confined to the left thalamus and mesencephalic 
gray matter. It was oval, about 1 cm in its longest anteroposterior 
dimension, 0.8 cm at its widest, and 0.8 cm high. It involved almost 
the entirety of the parafascicular nucleus, a large portion of the cen- 
tre médian, and portions of the reuniens or medioventral and cen- 
tromedial nuclei. The rostral border of the lesion was in the inferior 
portion of the mediodorsal nucleus, and the caudal border was just 
superior to the red nucleus, in the central mesencephalic gray mat- 
ter. The mammillary bodies, mammillothalamic tract, anterior tha- 
lamic nuclei, and the vast majority of mediodorsal nuclei appeared 
normal. No other lesions were apparent on the magnetic resonance 
imaging scan. 


Neuropsychological Assessment 


During testing the examiners noted a disinclination to use the 
right hand, although no other signs of neglect were detected. Our 
patient demonstrated a full range of emotions with normal inten- 
sity. Her conversational speech was within normal limits, as tone, 
quality, and speed were unaltered. She underwent neuropsycho- 
logical testing at approximately 4 and 11 months after her stroke. 
She was taking no medication other than aspirin at the time of these 
assessments. No appreciable change occurred on any of the re- 
peated measures; therefore, only the most recent test scores are dis- 
cussed. Table 1 summarizes these test results. 

Intellectual functions were well within the average range (verbal 
IQ, 102; performance IQ, 107; and full-scale IO, 104), with subtest 
scores ranging from 9 to 13. Digit symbol (a scaled score of 6) was 
the only abnormal subtest score, owing largely to slow perfor- 
mance. Tests of executive and motor functions provided mixed re- 
sults. The patient’s pointing span on the Wechsler Memory Scale- 
Revised? was below expectations. The Wisconsin Card Sorting 
Test!! was within normal limits but Trails B of the Trail Making 
Test!? was slow (116 seconds) with one error (normative data from 
Heaton"). Finger tapping was slow bilaterally (second percentile 
from Trahan et al'*) but more pronounced on her nondominant right 
hand. Speech and language testing was largely within normal limits 
but exceptions were noted in the Controlled Oral Word Association 
Test (33rd percentile from Benton and Hamsher"») and reading com- 
prehension, indicating problems with seventh-grade material.'° No 
errors in comprehension, repetition, or naming (ie, Western Apha- 
sia Battery” and Boston Naming Test’) were evident. A sensory 
perceptual examination (from the Halstead-Reitan Battery”) indi- 
cated three of four auditory extinctions on the right side with no 


Memory—Mennemeier et al 1051 









Verbal Scale 


Information 11 
Digit span 9 
Vocabulary 9 
Arithmetic 9 
Comprehension 10 
Similarities 






Verbal Memory 
Digit span, 8 forward, 6 back 


WMS stories 
Immediate, 9.5 
Delay, 8 
Retention, 84% 


California Verbal Learning Test 
Monday list, 5, 10, 13, 8, 13 
Tuesday list, 5 
Monday immediate, 11 

Delay, 12 
Recognition, 16 


Selective Reminding Test 
Recall, 5,7, 7, 9, 8, 9, 10,10, 11,.10, 12 
LTS, 84 
LTR, 81 
CLTR, 56 
STR, 20 


Levels of processing, No. (%) 
Semantic, 11/12 (92 correct) 
Phonemic, 8/12 (67 correct) 
Orthographic, 4/12 (33 correct)t 


Rates of forgetting verbal, No. (%) 
30 min, 10/12 (83 retention) 
8 h, 10/12 (83 retention) 
24 h, 10/12 (83 retention) 


Release from proactive interference, No. (%) 
12/15 (80), 10/15 (66), 10/15 (66) 
5/15 (33), shift, 10/15 (66) 


Verbal fluency, 27 (30%-33%ile) 
Boston Naming, 63/64 

Spache Reading, 5/8 at 7th-grade levelt 
Praxis WAB, no errors 

Sequential commands WAB, no errors 
Repetition WAB, no errors 


Naming WAB, no errors 


Table 1.—Summary of Neuropsychological Testing: 1-Year Follow-up* — 
Intellectual Functions (VIQ=102, PIQ=107, and FSIQ=104) 


Memory Functions (WMS-R MI=100) 


Other Findings 









Performance Scale 








Picture completion 10 
Picture arrangement 9 
Block design 10 
Object assembly 12 
Digit symbol 6 







Nonverbal Memory 






Pointing span, 4 forward, 4 back 






WMS visual retention 
Immediate, 9 
Delay, 9 
Retention, 100% 


Continuous Visual Memory Test 
Hits, 38 
False alarms, 18 
d-Prime, 2.32 
Correct, 84 











Rey-Osterrieth Complex Figure 
Copy, 34 
Immediate, 23 
Delay, 22 
Retention, 96% 










Milner Facial Recognition 
9/12 








Rates of forgetting nonverbal, No. (%) 
5 min, 28/30 (93) 
1 h, 27/30 (90) 
24 h, 24/30 (80) 
48h, 24/30 (80) 














Trails A, 30 s 
Trails B, 116 st 
Wisconsin Card Sorting, 6/6 categories in 128 sorts 








Finger tapping 
RH=33t 
LH=40 







Sensory perceptual examination 
3/4 Right ear extinctionst 





*VIQ indicates verbal IQ; PIQ, performance IQ; FSIQ, full-scale IQ; WMS-R, Wechsler Memory Scale-Revised; MI, memory index, WMS, Wechsler 
Memory Scale; LTS, long-term storage; LTR, long-term retrieval; CLTR, consistent long-term retrieval; STR, short-term retrieval; WAB, Western Apha- 


sia Battery; RH, right hand; and LH, left hand. 
tOutside the range of normal. 


other apparent deficits. No problems in visuoanalytic or visuospa- 
tial constructional abilities were evident on the Rey-Osterrieth 
Complex Figure®”— copy, immediate, or delayed recall (normative 
data from Lezak”). 


Memory Tests 


Mild problems were evident on tests of verbal memory and list 
learning. Although she showed eventual learning and good reten- 
tion on the logical stories of the Wechsler Memory Scale-Revised" 
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and the California Verbal Learning Test (CVLT),” the rate at which 
the patient acquired verbal information was slow (ie, two standard 
scores below normal on the first trial of the CVLT). She also tended 
to recall only the first and last parts of the Wechsler stories. She did 
demonstrate semantic clustering on the CVLT, however, and was 
able to recall and recognize items after delays. She was also able to 
retain information over extended delays as she demonstrated nor- 
mal rates of forgetting for both verbal and nonverbal**™ material 
after delays of 5 minutes and 1, 24, and 48 hours. 
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A 
Plate 63 


C 
Plate 65 


Area of Detail 





Fig 2.—Lesion plotted on corresponding sections of a stereotaxic atlas (details of sections in the coronal plane). Dark lines in plates A through C cor- 
respond to Y (horizontal grid) and Z axes (vertical grid). Dark lines in brain illustration represent X (horizontal) and Z (vertical) axes. Speckled area 
represents lesion. CG indicates central gray; CL, central lateral nucleus; CM, centre médian nucleus; CeM, central medial nucleus; MD, mediodorsal 
nucleus; O, oralis (principal ventral medial nucleus); Pf, parafascicular nucleus; Re, reuniens (medioventral nucleus); RN, red nucleus; VM, ventral 
medial: and ZI, zona incerta. Plates redrawn and modified from Schaltenbrand and Bailey.’ Measurements in millimeters under plate numbers in- 
dicate distance of the plane of section posterior to the point midway between the anterior and posterior commissures. 


The patient's neuropsychological evaluation suggested specific 
verbal memory and cognitive problems. She could retain informa- 
tion once acquired but had difficulty incorporating new items into 
long-term memory. She also appeared compromised in her ability 
to attend to and process multiple bits of information simulta- 
neously. Given several tasks to coordinate at once, her cognitive 
problems became more pronounced. She appeared to be suffering 
from specific deficits that were severely impairing her daily 
functioning. 

To define the factors underlying her memory problem, several 
tests were selected and administered to the patient and a sample of 
age- and education-matched control subjects. These tests examined 
her ability to encode information in short-term memory, hold in- 
formation over time without rehearsal, and to enter, consolidate, 
and retrieve information from long-term memory. 


Control Subjects 


Four healthy female (mean age, 43 years; SD, 4 years) volunteers 
provided direct matches on age and geographic region. All were 
employees of the Department of Veterans Affairs Medical Center, 
Gainesville, Fla, engaged in either retail sales, secretarial, or clerical 
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positions. Their mean education level was equivalent to the pa- 
tient’s (mean, 13.5 years). All control subjects were right-handed 
and none had a history of neurologic disease or insult. Published 
normative data were also used for comparisons. 


MATERIALS AND PROCEDURES 


Four tests of memory formed the basis for this comparison. All 
subjects received the tests ina random order. The first task involved 
the Level of Processing Paradigm of Craik and Tulving.” Subjects 
were shown 36 words printed separately on index cards. After ex- 
amining each word for 5 seconds, subjects answered whether the: 
(1) word was printed in upper (or lower) case letters, (2) word 
rhymed with a given word, or (3) word was a member of a given 
semantic category. Items were balanced for the number of positive 
(yes) and negative (no) responses. Recall was tested in a recognition 
format after a 20-minute delay with intervening motor tasks (ie, tri- 
als of finger tapping). The subject was shown four words printed 
onan index card and asked to select the previously seen word from 
among three words not previously seen. Percentage correct recog- 
nition was calculated for each of the three conditions (ie, ortho- 
graphic, phonologic, and semantic) by dividing the number of cor- 
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rect responses obtained by the total possible for that condition. 

The second test involved the Release From Proactive Inhibition 
technique.” On each trial, a subject’s memory for three words from 
the same semantic category was tested. Following presentation of 
the three words, the subject was required to engage in a 15-second 
distractor task (eg, counting backward from a target number by 
three). The distractor was given immediately after the words to pre- 
vent rehearsal in short-term memory. Subjects were then required 
to recall the three words. Subjects were tested in six blocks of five 
trials. In half of the blocks, the first four trials of words were mem- 
bers of the same semantic category (eg, items of furniture), but on 
the fifth trial the category shifted (eg, body parts). The category does 
not shift on the fifth trial for the remaining blocks; rather, words in 
the fifth trial of these blocks belong to the same category as the pre- 
vious four trials (no shift condition). Percentage correct recall across 
trials for both shift blocks was calculated by dividing the total words 
obtained by the total words possible. 

The distraction technique of Brown” and Peterson and Peterson?’ 
constituted the third task. Subjects were required to recall three con- 
sonant trigrams after either 3, 9, or 18 seconds of interference (ie, 
counting backward by three froma given number). There were five 
trials counterbalanced for each of the delay conditions. Percentage 
correct recall for consonants across the 3-, 9- or 18-second delay con- 
ditions was obtained by the total possible. 

Buschke’s” Selective Reminding Memory Test was the fourth test 
of memory. The words used in this task correspond to the Hannay 
and Levin” Form 2. The task consisted of recalling 12 unrelated 
words on successive trials. On the first trial all 12 items were read 
aloud at a rate of two words per second. After the first trial, only 
those items that were not recalled were presented again before the 
next recall. Repetitions of the list proceeded in this fashion until the 
subject obtained all the words on the list two times or until 12 trials 
had been given. The test provides measures of short-term recall, 
long-term storage, long-term recall, consistent long-term retrieval, 
and random long-term retrieval (see references 29 and 30 for scoring 
procedures). 


RESULTS 


Data obtained in experiment one were analyzed using 
measures of central tendency and percentage correct re- 
sponses. Comparisons between our patient’s performances 
and those of the control subjects were evaluated by estab- 
lishing 95% confidence limits for the control subjects’ scores 
using conservative estimates of the variance.’ Limits corre- 
sponded to the 0.05 level of significance for one- and two- 
tailed tests. 

The patient performed similarly to control subjects on only 
one test, the release from proactive interference test. The av- 
erage percent correct recall for the control subjects on trials 
1 through 5 in the shift condition indicated a build- up and 
release from proactive interference (86.25%, 80.25%, 48.25%, 
60.55%, and 91.75%, respectively). The patient’s scores (80%, 
66%, 66%, 33%, and 66%) similarly indicate build-up and re- 
lease from proactive interference. 

She was significantly different from the control subjects on 
the levels of processing, Peterson-Peterson, and selective re- 
minding tests. Results from the levels of processing task are 
given in Fig 3. Her ability to recognize words encoded at 
deeper levels, both semantic and phonologic, was within the 
range of the control subjects. However, she was markedly 
impaired when words were processed orthographically 
(confidence range for control subjects, 12-6.5; patient's 
score, 4). 

The patient’s deficits were pronounced on the Peterson- 
Peterson paradigm. Figure 4 includes results obtained from 
the patient, control subjects, and, for comparison, a group of 
Korsakoff patients.” Distraction significantly affected her 
recall at 9- and 18-second delays relative to normal subjects. 
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Fig 3.—Levels of processing task. Comparison of our patient with con- 
trol subjects. Solid squares indicate our patient; open circles, control 
subjects. Asterisk indicates a score outside the range of normal. 
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Fig 4.—Comparison of our patient with control subjects and alcoholic 
Korsakoff patients on the Peterson-Peterson task. Triangles indicate al- 
coholic Korsakoff patients; circles, control subjects; and squares, our 
patient. Data on alcoholic Korsakoff patients from Butters and Cermak.*? 


Her performance was also below the alcoholic Korsakoff pa- 
tients at 9- and 18-second delay recall periods. 

Scores from both control subjects and a comparison group 
of nonforgetful seniors”? were used to evaluate our patient’s 
performance on the selective reminding test. Table 2 lists 
these results. Her scores differed most from control subjects 
on measures of long-term retrieval, long-term store, and ran- 
dom long-term retrieval. She also showed an overreliance on 
short-term memory and a lack of consistency in retrieval 
from long-term memory. The scores of the comparison 
group fell in between those of the patient and the age- 
matched control subjects and were not significantly different 
from either. Even so, our patient’s scores on the three indexes 
were below those obtained by subjects 20 years older. Thus, 
in spite of a relatively normal neurologic examination, her 
cognitive complaints were verified by detailed neuropsy- 
chological tests. 


COMMENT 
Comparative Neuropsychology of Memory Impairment 


This patient was able to semantically encode information. 
Evidence for spared semantic encoding comes from her nor- 
mal performance on the release from Proactive Interference 
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Table 2.—Comparison of Our Patient With Control 
Subjects on the Selective Reminding Test* 


Nonforgetful 
Control Seniorst 
SRMT Subjects, (n=78) Patient 
Indexes Mean (SD) Mean (SD) Mean (SD) 


Recall 124 ( 
LTR 122 ( 
7 ( 
( 
( 
( 


5) sha 101 (2.3) 
4) in 81 (2.9)# 
9) 20 (1.0)§ 
84 (3.1) 


1 
1 
5 pia 
122 (16) 97.2 (19.6) 
26) 68.3 (30) 56 (2.8)§ 


7 (7.4) 21.3 (12.3) 36 (2.6) 


*LTR indicates long-term retrieval; STR, short-term retrieval; LTS; 
long-term storage; CLTR, consistent long-term retrieval; and RLTR, ran- 
dom long-term retrieval. 

tFrom Larrabee et al.” 

+P<.01. 

§P<.05 (two tailed). 

|P<.02. 


test and her improvement on the levels of processing par- 
adigm. Normal subjects typically show a release effect on the 
release from the Proactive Interference paradigm. They re- 
gain proficiency at remembering the three words after a shift 
in semantic category.” Build-up of proactive interference is 
interpreted as an ability to differentiate words in short-term 
memory according to semantic features. Since the patient 
also demonstrates this phenomenon, she apparently has the 
ability to make semantic distinctions in short-term memory. 

She showed good recognition of words that were initially 
processed according to semantic rather than physical fea- 
tures. Craik and Lockhart™ and later Craik and Tulving” 
proposed that the strength of a memory trace was related to 
the level at which it was initially processed. A semantic anal- 
ysis of words is assumed to involve deeper levels of process- 
ing than phonemic or physical (orthographic) analysis. Al- 
ternative explanations of the levels of processing effect have 
been proposed* but regardless of disagreement the levels ef- 
fect is unquestionably robust, occurring in amnestic pa- 
tients% as well as in normal subjects.” We view this patient’s 
performance on the Levels of Processing test as a preserved 
ability to retain words processed semantically but a subnor- 
mal ability to identify words when forced to encode them by 
less robust means. 

Both the release from Proactive Interference and Levels of 
Processing tests manipulate encoding externally. They do 
not provide an indication of her spontaneous strategy for en- 
coding information. To evaluate this ability we examined 
how well she clustered items according to semantic category 
on the CVLT. Her performance on this test indicated a good 
spontaneous use of semantic clusters. She averaged six clus- 
ters per learning trial (ranging from 1 to 9) and used clus- 
tering effectively during both immediate (seven clusters) 
and delayed (nine clusters) recall, which is above the average 
clustering score for normal females of similar age.” Thus, she 
spontaneously adopted a semantic clustering strategy that 
led to normal rates of encoding and recall. Since this strategy 
was not overtly encouraged, it appears that her preferred 
mode of processing is semantic, a strategy shown to produce 
the best rate of recall on list learning tasks in normal sub- 
jects. This finding is consistent, with our interpretation of 
our patient’s normal ability to encode material semantically. 

Buschke” designed the Selective Reminding Test to exam- 
ine how memory items move from short- to long-term stores. 
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He distinguished between items placed in long- and short- 
term storage by controlling the times at which they were re- 
peated to the subject during learning trials. This test was par- 
ticularly useful for examining our patient because it demon- 
strated the difficulty she had consolidating information into 
long-term storage. Her problems reflect consolidation def- 
icits more than retrieval problems because her delayed recall 
was excellent. 

Our patient performed much worse on the Selective Re- 
minding Test than on the CVLT. The Selective Reminding 
Test appears different from the CVLT in at least two ways. 
First, the semantic associations between items are not obvi- 
ous on the Selective Reminding Test. Ruff et al” found that 
only 40% of normal subjects used clusters efficiently in the 
Selective Reminding Test. Second, list items are only re- 
peated on the Selective Reminding Test if the subject cannot 
recall them from a previous trial. Thus, maintenance re- 
hearsal through repetition is not an inherent strategy of the 
Selective Reminding Test. Her relatively poorer perfor- 
mance on the Selective Reminding Test may reflect an inabil- 
ity to process memory items without the use of direct encod- 
ing strategies. Consistent with this interpretation, she did not 
cluster items on recall trials of the Selective Reminding Test. 

The patient shows a dramatic susceptibility to the effects 
of interfering tasks on the Peterson-Peterson paradigm. 
When rehearsal was prevented by use of a distractor task, she 
demonstrated a significant loss of information at 9- and 18- 
second delay intervals. She even performed below the level 
reported for Korsakoff patients on this task.” Although the 
psychometric qualities of the Peterson-Peterson task have 
not been described,” forgetting is assumed to reflect either 
trace decay and/or susceptibility to interference.” The ef- 
fects of trace decay are short lived, occurring within 5 sec- 
onds.”” Her performance at 3-second delay intervals re- 
mained within the range of normal subjects, suggesting that 
trace decay was not a significant factor leading to poorer re- 
tention on longer delay periods. Rather, her errors on longer 
delay trials reflect an inability to distinguish new items from 
those presented on previous trials. Baddeley” has suggested 
that distinguishing old from new items in the Peterson- 
Peterson paradigm is the primary task component account- 
ing for the performance of normal subjects. Thus, she ap- 
pears extremely susceptible to the effects of a simultaneous 
task that competes for her processing resources. 

To learn whether the caudal intralaminar nuclei have a 
unique contribution to memory processes, we compared our 
patient’s test scores with those of other patients who dem- 
onstrated memory disturbances following diencephalic le- 
sions. Specifically, we reviewed test performances of Korsa- 
koff patients and patient NA*' and other cases with lesions 
involving either the mammillary bodies and midline nuclei? 
or the dorsomedial nucleus of the thalamus.” 

The pathology of the Korsakoff syndrome is certainly 
more widespread than that observed in our case. Whereas 
our patient's lesion is largely confined to a small region in- 
volving and immediately surrounding the left caudal in- 
tralaminar nuclei, the pathological changes in Korsakoff syn- 
drome may include this area (up to 50% of cases) in addition 
to many other thalamic (mediodorsal nuclei, 88.4% and me- 
dial Pulvinar, 95%) and hypothalamic nuclei (medial mam- 
millary, 100%), as well as structures outside the dienceph- 
alon (eg, cerebral cortex, 56.9%).’ Korsakoff patients exhibit 
a profound anterograde amnesia with differences between 
their Wechsler Memory Scale memory quotient and verbal 
IQ of approximately -15 points.” Our patient clearly does 
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not demonstrate a profound amnesia (ie, memory quotient, 
100; verbal IQ, 102; difference, —2); although her scores on 
specific verbal memory tests, including certain subtests of 
the Wechsler Memory Scale, do demonstrate memory im- 
pairment that is out of proportion to other neuropsycholog- 
ical findings such as intelligence. The first distinction, then, 
between our patient and Korsakoff patients is at the level of 
global memory impairment. 

Korsakoff patients cannot use semantic information to fa- 
cilitate memory in the same manner as our patient. Korsakoff 
patients show a normal decline in recall due to a build-up of 
proactive interference when learning successive groups of 
words from the same semantic category.** However, these 
patients fail to improve when semantic categories are shifted 
(ie, release from proactive interference). She demonstrates a 
normal build-up and subsequent release from proactive in- 
terference. Additionally, it is questionable whether Korsa- 
koff patients benefit from procedures designed to control the 
level at which verbal memory items are processed. Origi- 
nally, Cermak and Reale* and later Wetzel and Squire” 
found that Korsakoff patients did not improve on the Levels 
of Processing paradigm. Mayes and Meudell,* however, 
showed that if subjects are equated on the strength of their 
memory for items, Korsakoff patients improve as much as 
normal subjects on similar paradigms, although their perfor- 
mances always remain below the level of normal subjects. 
Our patient clearly shows successive improvement in rec- 
ognition when words are encoded according to ortho- 
graphic, phonologic, or semantic features during the initial 
presentation phase. Her recognition rates were excellent for 
semantic (92%), low for phonologic (67%), and significantly 
impaired for orthographically encoded words (33%) relative 
to normal control subjects. These data suggest fundamental 
differences in the abilities of Korsakoff patients and our pa- 
tient to use semantic information. Whereas our patient uses 
these strategies to retain information at normal levels, Kor- 
sakoff patients may improve with them but are not able to 
reach the level of normal subjects. 

Our patient does demonstrate some similarities to Korsa- 
koff patients. Korsakoff patients and our patient alike show 
normal rates of forgetting.~***° They are different, however, 
in the rate at which they can acquire information. A compar- 
ison of our patient’s performance with Korsakoff patients on 
similar tasks used to assess nonverbal rates of forgetting”? 
indicated normal retention abilities for both over extended 
delays. However, Korsakoff patients required longer expo- 
sure periods (ie, four to eight times longer) to acquire the in- 
formation than our patient. Thus, their rate of initial acqui- 
sition, at least for nonverbal information, appears much 
slower. This could be due in part to the laterality of our pa- 
tient’s lesion. We have no information on Korsakoff patients’ 
rates of forgetting for verbal material that would be directly 
comparable with that obtained on this patient. 

Our patient performed nearly identically to Korsakoff pa- 
tients on the trigram test of Brown” and Peterson and Peter- 
son.” Her performance fell rapidly (from 100% correct to 
50%) after only 3 seconds of interference and, like Korsakoff 
patients, continued to become worse (33%) after 9 and 18 sec- 
onds. Neither our patient nor Korsakoff patients appear able 
to retain information if they are distracted by an interfering 
task. 

Since our patient clearly can use semantic encoding strat- 
egies to retain information at normal levels, the difference 
between her and Korsakoff patients is in their poor ability to 
encode material by use of any strategy. This view is consis- 
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tent with data suggesting that Korsakoff patients require 
more repetitions to place items into memory.”?** Also, since 
both our patient and Korsakoff patients show normal rates 
of forgetting for material once learned,” it is again apparent 
that their primary difficulties are in encoding information 
rather than retention. The pervasiveness of encoding deficits 
in Korsakoff syndrome” may be grounded in the fact that 
multiple structures are involved. The memory problems 
demonstrated by our patient clearly show that damage to the 
intralaminar nuclei, which may occur in up to 50% of Kor- 
sakoff patients, can contribute to their amnesia, but is not suf- 
ficient to produce it. 

Patient NA" is a purer example of diencephalic amnesia 
than Korsakoff patients because his lesion was largely con- 
fined to the thalamus and hypothalamus.* His lesion was 
more extensive than our patient's lesion, involving white 
matter tracts and the mammillary bodies bilaterally*'; how- 
ever, both patients had lesions involving the left centre 
médian-parafascicular complex and possibly the ventral me- 
diodorsal nucleus and the reuniens nucleus. The largest dif- 
ference between NA" and our patient in terms of neuropsy- 
chological performance is the severity of memory impair- 
ment. NA*! memory quotient was 27 points below his full- 
scale IQ.* Both NA *“ and ours performed worse on verbal 
than nonverbal memory tests but NA’s performance on ver- 
bal tests was markedly worse than that of our patient. An- 
other difference between NA and ours is that although NA 
showed semantic encoding abilities on the release from Pro- 
active Interference and Levels of Processing paradigms, his 
performances on these tasks never reached the level of nor- 
mal subjects. Thus, while our patient and NA both demon- 
strate similar levels of impairment for words that are not pro- 
cessed semantically, our patient could use semantic encod- 
ing to achieve the performance levels of normal subjects, 
something NA and other amnestic patients are unable to 
do.” 

NA also performed poorly after only 3 seconds of inter- 
ference on the Peterson-Peterson paradigm.” That Korsakoff 
patients, NA, and our patient share a common site of pathol- 
ogy, left intralaminar and medial thalamic nuclei, and a com- 
mon processing deficit on the Peterson-Peterson test raises 
an interesting possibility that these anatomic areas are im- 
portant in preventing information loss due to distraction. 
However, to support this theory it must be shown that iso- 
lated damage to other structures damaged in Korsakoff syn- 
drome or in patient NA, such as the mediodorsal nucleus, 
mamumillary bodies, or midline nuclei does not result in sim- 
ilar deficits on the Peterson-Peterson paradigm. 


Comparative Neuroanatomy of Memory Impairment 


Several recent case reports of left thalamic infarcts,°~ he- 
matoma,” and tumor”! with radiologic confirmation of the 
lesion and detailed neuropsychological testing are available. 
Of these, Speedie and Heilman‘ and Brown et al” reported 
results for the Peterson-Peterson task. Both cases had dam- 
age to the left thalamus (ie, region of the mediodorsal nu- 
cleus’; the mediodorsal nucleus, anterior nucleus Pulvinar, 
and most probably white matter tracts”) and both patients 
displayed low memory quotients relative to their verbal IQs 
and deficits on list-learning tasks. However, only Speedie 
and Heilman’s® patient showed deficits on the Peterson- 
Peterson paradigm. It is not possible to determine whether 
their patient also suffered damage to nuclei ventral to the me- 
diodorsal nucleus. The patient of Brown et al,” however, per- 
formed better than control subjects on the interference task 
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Table 3.—Comparison of Patients With Diencephalic Lesions* 


Source, y Patient Lesion Site 


Brown et al, 1989 
Mair et al,* 1979 





Peterson-Peterson 
Full Scale eS Se ee 
1Q MIt i zd 18”’ 


Left, dorsomedial anterior and pulvinar 


Bilateral, mammillary bodies and midline nuclei 


Bilateral, mammillary bodies and midline nuclei 


Present case Left, intralaminar 





*Boldfaced scores indicate impairment. 
t+tMemory index (MI) (X, 100; SD, 15). 


and clearly demonstrated thalamic damage anterior and su- 
perior to that of our patient (Table 3). This case suggests that 
damage to the mediodorsal nucleus and anterior nucleus is 
not sufficient to produce deficits on the Peterson-Peterson 
paradigm. 

Regarding damage to the mammillary bodies and midline 
nuclei, Mair et al? examined two Korsakoff patients using 
the Peterson-Peterson interference procedure. Pathological 
study confirmed that both patients had extensive cell loss in 
the mammillary bodies and a thin band of gliosis lying me- 
dial to, but not involving, the mediodorsal nuclei. In spite of 
their severe amnesias, both patients’ performances on the in- 
terference task either equaled or exceeded the levels ob- 
tained by their control subjects (Table 3). These cases suggest 
that bilateral damage of the mammillary bodies or midline 
nuclei is not sufficient to produce a deficit performance on 
the Peterson-Peterson task. 

Deficits on the Peterson-Peterson interference task are 
thus not an integral part of the amnesic syndrome resulting 
from diencephalic lesions, but are one part of a double dis- 
sociation (Table 4): the patient of Brown et al** and those of 
Mair et al? summarized above demonstrate severe amnesia 
without abnormalities on the interference task, and had le- 
sions that spared the region involved in the present case. In 
our case, only a mild memory problem is evident but severe 
impairment is noted on the Peterson-Peterson task. Involve- 
ment of the intralaminar nuclei may account for the differ- 
ences in performance between these patients. Involvement 
of the ventral mediodorsal nucleus, in our case, should be 
considered. However, it seems unlikely that this lesion could 
account for our findings since larger lesions of the mediodor- 
sal nucleus have not been shown to produce deficits on the 
Peterson-Peterson task.” Additionally, while it is likely that 
our patient's behavioral problems are related to the involve- 
ment of the mesencephalic gray matter and caudal intralam- 
inar nuclei, consideration must be given to the contribution 
of the medioventral (reuniens) and centromedial nuclei that 
were also involved by the lesion. The connections of midline 
nuclei to the hippocampus have suggested that they may 
have a role in memory.***™ We do not know how these le- 
sions may have influenced our findings. 


Diencephalic Memory Disturbances 


Based on the differences we have discussed, we propose 
that there are at least two types of memory disturbance as- 
sociated with diencephalic lesions. One is the amnestic syn- 
drome previously described by Lhermitte and Signoret,” 
Squire,” and Squire et al, which is characterized by weak 
encoding, regardless of the strategy used, but normal rates 
of forgetting for acquired information. The second type is a 
memory defect associated with lesions involving the in- 
tralaminar and medial nuclei of the left thalamus. The latter 
is characterized by a normal ability to semantically encode 
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Table 4.—Matrix of Memory Function 
by Distractibility 


Normal 
Performance on the 
Peterson-Peterson 
Task 


Abnormal 
Performance on the 
Peterson-Peterson 
Task 


Normal subjects 


Normal memory 
index 


Our patient 


Amnestic Some Korsakoff 


patients 


Patients 1, 2, 
and 3 


material and good retention of acquired information; how- 
ever, when active semantic processing or rehearsal strategies 
are interrupted, severe encoding deficits become apparent. 

It has long been believed that the caudal intralaminar nu- 
clei may be important for normal arousal and/or attention. 
Stimulation in this region of the thalamus produces the re- 
cruiting response of the cortical electroencephalogram.””” 
There are extensive connections to the centre médian- 
parafascicular nucleus from the brain-stem reticular forma- 
tion,” including cholinergic innervation from the peduncu- 
lopontine and lateral dorsal tegmental nuclei and seroto- 
nergic innervation from the dorsal raphe nuclei. 
Anatomically, the parafascicular nucleus is adjacent to the 
central mesencephalic gray matter, which was also involved 
by the lesion. Efferent connections of the intralaminar nuclei 
include the striatum and neocortex.” The projections of the 
caudal intralaminar nuclei are heaviest to the putamen. 
These connections presumably play a role in preparing an 
organism to move.” Cortical efferents of the intralaminar nu- 
clei, however, are light and project diffusely to most cortical 
areas. These diffuse thalamocortical projections appear to be 
involved in regulating cortical rhythms” and maintaining 
cortical tone (reviewed by Jones”). In Luria’s conceptualiza- 
tion, the intralaminar nuclei would also be part of a func- 
tional system subserving cortical tone. Interestingly, as 
Christensen“! points out, memory disturbances resulting 
from damage to this system are characterized by suscepti- 
bility to distraction. 

Our observations on neuropsychological tests of memory 
span, attentional switching, and speeded performance indi- 
cate that our patient has deficits in attention and concentra- 
tion. These appear most pronounced on tasks involving 
simultaneous cognitive operations and are suggestive of 
increased distractibility. Heightened distractibility, an atten- 
tional deficit, may not only explain her poor memory per- 
formance on neuropsychological tests but also the problems 
she encounters in environmental settings where distracting 
stimuli cannot be controlled. The double dissociation be- 
tween our patient and amnestic patients with circumscribed 
diencephalic lesions suggests that the intralaminar nuclei are 
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not memory structures per se. Rather, they appear part of a 
functional system important in regulating attention for si- 
multaneous activities, possibly through maintaining ade- 
quate cortical tone. Lesions in this area may give rise to mem- 
ory disturbances through changing levels of distractability. 
Given the anatomy of the intralaminar nuclei, this case may 
also speak to the reticular formation’s contribution to mem- 
ory processes. 


This study was supported by the Research Service, Department of 
Veterans Affairs, Gainesville, Fla. 

We thank Russell Bauer, PhD, for use of his nonverbal rates of for- 
getting paradigm and Jimmy Franco for illustrations. 
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To patients as well as clinicians, the dilemma 
unfortunately has often been very real. 


Optimal seizure control isn’t always possible 
because of side effects from therapy. Yet con- 
trol remains the primary clinical goal. After 
all, seizures can be catastrophic events with 
psychosocial implications that go beyond 
their obvious physical manifestations. Indi- 
viduals with epilepsy may be ostracized at 
school, have difficulty in finding or holding 
jobs, or experience a fear of intimacy in their 
personal relationships. And the consequences 
of even one seizure while driving can be dev- 
astating. That’s why many neurologists make 
zero seizures their management goal for 
most patients. 


Many patients can expect to become seizure 
free with current treatment options. But for 
others, this freedom carries a cost. Due to the 
narrow therapeutic windows of existing 
antiepileptic drugs, patients can experience 
intolerable side effects which can severely im- 
pact social adaptation, learning performance, 
and behavior. 


Some agents, for example, may have adverse 
effects on cognition and behavior—sedation, 
depression, loss of concentration, mental 
dulling, and hyperactivity—resulting in 


impairments of mood, memory, and learn- 
ing. Other antiepileptic drugs may cause a 
number of troublesome side effects ranging 
from cosmetic changes (gingival overgrowth, 
facial coarsening, hirsutism) to psychosocial 
disorders (aggression, sedation, impaired 
memory, depression) and CNS symptoms 
(drowsiness, dysarthria, ataxia). 


For patients, seizure control often means a 
trade-off in their quality of life. Since treat- 
ments will be long-term and in many cases 
lifelong, side effects and possible toxicities 
are important considerations in shaping the 
therapeutic plan. At present, the best course 
open to the physician is careful and precise 
titration of available agents to minimize the 
known side effects. Even so, the cost of 
control for many patients remains high. 
Clearly, there is a need for newer, less toxic 
antiepileptic drugs with wider therapeutic 
windows. Hopefully, the agents currently in 
development will provide the answer for 
tomorrows patients. 
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e This study examined gist recall (memory for important 
story ideas) in patients with multiple sclerosis. Twelve pa- 
tients with clinically probable or definite multiple sclerosis 
and 10 neurologically intact control subjects were read 
prose passages from the Wechsler Memory Scale-Revised 
Logical Memory subtest. The idea units from these passages 
contained low, medium, and high information content to 
the stories. In comparison with the control subjects, the pa- 
tients recalled fewer total elements over immediate and de- 
layed conditions. However, similar to controls, they re- 
called more ideas that were of high rather than low or 
medium importance. These results suggest that semantic 
sensitivity to important ideas of narratives is a relatively 
preserved feature in multiple sclerosis. 
(Arch Neurol. 1992;49:1060-1064) 


gore verbal memory is a well-documented feature of 

patients with multiple sclerosis (MS) and has been ob- 
served across a number of tasks, including learning and 
retention of individual words, paired associates, and 
stories.” Despite their lower levels of recall compared with 
healthy controls, however, patients with MS do share as- 
pects of normal functioning, such as comparable learning 
and forgetting rates*®* and preserved processing of auto- 
matically encoded material (frequency information).’ 
Thus, while MS imposes limitations on the total amount of 
information that can be encoded and retrieved from 
secondary memory, similarities in processing may be 
observed. 

One area of memory that has not been well characterized 
in MS entails whether patients semantically encode and 
retrieve verbal material, ie, whether they process to-be- 
learned information according to its meaning. Specifica- 
tion of the manner in which information is handled, as op- 
posed to how much is processed, can elucidate the nature 
of an underlying strength or weakness in MS and suggest 
directions for remediation. Semantic processing is gener- 
ally viewed as a more sophisticated form of mnemonic 
processing that has beneficial effects on performance. 
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Studies of patients with closed-head injury (CHI) or 
depression indicate that these individuals are sensitive to, 
and benefit from, attention to conceptual features. For ex- 
ample, they display a facilitation in recall when they are 
learning related lists (eg, words that belong to common 
categories such as names of animals) vs unrelated lists,'°" 
and their recognition memory is enhanced when they are 
asked questions about the meaning (eg, Is it an animal?) vs 
the physical properties (eg, Does it have the letter e?) of 
words."”* In contrast, deficiencies in semantic encoding 
have been hypothesized to underlie the deficits of patients 
with Alzheimer’s disease and Korsakoff’s syndrome." 

A study by Carroll et al’® specifically examined seman- 
tic processing in MS. Patients were instructed to encode 
stimuli according to the meaning (Can it be picked up and 
carried?) or physical features (Is there a cross embedded in 
the item?). Items that were semantically processed were 
better recognized than physically encoded stimuli. On an- 
other task, patients who spontaneously utilized a seman- 
tic strategy (eg, grouping words according to categories) 
recognized more words than those who did not use a 
strategy. However, the former group reported that stimuli 
were presented that were not on the original list but 
belonged to similar categories. It appears that semantic 
processing facilitates recall in MS but creates confusion for 
conceptually related new material. 

The purpose of the current study was to examine 
whether semantic processing that involves gist recall 
(memory for important ideas of passages) is a preserved 
feature of mnestic performance in MS. Recall of prose is a 
dynamic process that entails taking elements of a story, 
assimilating them into one’s system of personal experience 
and world knowledge, and then organizing these elements 
to forma logical whole. This process may involve omission 
of details that are deemed unimportant to the theme, as 
well as distortion of some aspects in order to fit them into 
the individual’s sense of consistency.” The manner in 
which an individual prioritizes narrative prose provides 
insight concerning the efficiency of semantic processing. A 
characteristic of normal memory is the storage and reten- 
tion of the most critical aspects as opposed to nonessential 
details of to-be-remembered material. Studies conducted 
across the life span indicate that young adults and the eld- 
erly demonstrate sensitivity to ideas of high importance”??? 
and that even young children by 8 years of age retain crit- 
ical aspects of stories at the expense of less important el- 
ements.” Recall of this information implies that these in- 
dividuals conceptually process material according to its 
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meaning and tag the individual elements in terms of pri- 
ority. 

Preserved gist recall has recently been expanded to neu- 
rologic populations involving CHI** and temporal lobe 
epilepsy.'® Haut and colleagues” read passages from the 
Wechsler Memory Scale-Revised (WMS-R)* Logical Mem- 
ory subtest to long-term survivors of moderate to severe 
CHI and to normal controls. These passages were previ- 
ously rated for low, medium, and high importance units. 
Patients recalled significantly fewer story elements over 
immediate and delayed conditions than did controls. Sim- 
ilar to controls, however, they retained the most important 
ideas but lost this information at a faster rate after a delay. 
In a follow-up investigation also using the Logical Mem- 
ory passages, Haut et al” found that patients in the acute 
stages of recovery following resolution of posttraumatic 
amnesia were more likely to recall high rather than 
medium or low importance elements, regardless of sever- 
ity of CHI (moderate vs severe). Prevey et al asked 
patients with left or right temporal lobe seizures and nor- 
mal controls to recall a folktale that had been rated for the 
importance of the structural units. Although the patients 
with temporal lobe seizures recalled fewer ideas than did 
controls, they also remembered a greater proportion of the 
important elements. 

In the present investigation, we examined gist recall of 
prose in MS. Based on the findings of Carroll and col- 
leagues demonstrating partial preservation of semantic 
memory, it was hypothesized that patients would exhibit 
a similar pattern to controls of recalling high information 
content despite overall differences in the total amount of 
material retained both immediately and after a delay. 


SUBJECTS AND METHODS 
Subjects 


The sample included 12 women with clinically probable or 
definite MS as determined by medical history, neurologic evalu- 
ation, and laboratory tests. All individuals except one were out- 
patients seen in the neurology clinic. The patients were between 
the ages of 25 and 57 years (mean=41.0 years; SD=11.4) and had 
completed at least a high school education (mean=13.3 years; 
SD=1.4). The average length between onset of symptoms and 
testing was 9 years (range, 5 to 19 years), whereas time between 
diagnosis and testing was 5 years (range, 3 months to 14 years). 
Kurtzke Expanded Disability Status Scale” scores, which were 
determined by a neurologist on the same day as the neuropsy- 
chological evaluation, ranged from 1.0 to 7.5 (mean=4.5; SD=2.4), 
indicating a mild to moderate degree of impairment. 

Ten female control subjects comparable in demographic fea- 
tures were recruited from the community (mean age=39.7 years; 
SD=12.3) (mean education=13.5 years; SD=1.4). One-way analy- 
ses of variance revealed nonsignificant differences between the 
groups for age (F[1,20]=.07; P>.05) and education (F[1,20]=.19; 
P>.05). Patients and controls did not have premorbid histories of 
major neurologic illness, psychiatric disorder, learning difficulty, 
or drug/alcohol abuse. Informed consent was obtained from each 
subject prior to the administration of the memory procedure. 


Stimulus Materials 


The two passages from the WMS-R*™ Logical Memory subtest 
were used to examine gist recall. Each passage consists of 66 
words that have been divided into 25 idea units. The importance 
of these units (low, medium, and high) to the overall themes of 
the stories was previously determined by Haut and colleagues” 
(see reference 22 for a discussion of this procedure). There were 
nine low, eight medium, and eight high units for passage A and 
seven low, ten medium, and eight high elements for passage B. 


Arch Neurol—Vol 49, October 1992 


Immediate Recall 


O ms 
BB Controls 


Idea Units Recalled 


Mean Proportion of 


Medium High 
Level of Importance 


Delayed Recall 


Mean Proportion of 
Idea Units Recalled 


Medium High 
Level of Importance 





Fig 1.—Proportion of type of idea units recalled by patients with mul- 
tiple sclerosis (MS) and controls over immediate and delayed conditions. 


Procedure 


The subjects were individually tested. Each passage, recorded 
in a male voice, was played for the subject and followed by im- 
mediate recall. After a 30-minute delay, recall of the passages was 
again requested. Verbatim recall was tape-recorded and later 
scored for the presence of idea units, as outlined in the WMS-R 
manual. Two independent raters scored the protocols. Interrater 
reliability was high for immediate recall (r=.99 for patients, r=.97 
for controls) and for 30-minute delayed recall (r=.98 for patients, 
r=.95 for controls). Discrepancies were resolved through discus- 
sion before a final score was assigned. In addition to the 
traditional scoring criteria, each unit was determined to be of low, 
medium, or high importance to the story.” 


RESULTS 
Gist Recall 


A 2 (group: patients with MS or controls) x2 (time: im- 
mediate or delayed recall) x2 (passage: A or B) x3 (impor- 
tance: low, medium, or high) repeated-measures analysis 
of variance was performed on the proportion of story units 
recalled. Group was a between-subjects factor, whereas 
time of recall, passage, and importance were within-subjects 
factors. Figure 1 displays the data as a function of group, 
time, and importance. There were main effects of group 
(F[1,20]=11.96; P<.01) and time (F[1,20]=12.59; P<.01), but 
there was no significant interaction between these vari- 
ables (F[1,20]=2.04; P=.17). As seen, the controls recalled a 
significantly greater proportion of total idea units 
(mean=.49; SD=0.11) than the patients did (mean=0.30; 
SD=0.12), and both groups recalled more story elements 
under immediate (mean=0.42; SD=0.11) than under de- 
layed (mean=0.36; SD=0.11) conditions. In addition, there 
was a significant main effect of importance (F[2,40]=24.50; 
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Fig 2.—Proportion of idea units recalled as a function of level of impor- 
tance and passage. 


P<.01). Bonferroni post hoc analyses of the cell means 
(P<.05) indicated that a greater proportion of high 
(mean=0.52) idea units were recalled than either medium 
(mean=0.33) or low (mean=0.32) idea units, which, in turn, 
did not differ significantly. The lack of an interaction be- 
tween group and importance (F[2,40]=0.29; P=.75) re- 
vealed that both patients and control subjects displayed 
similar patterns in recalling more high idea elements than 
the other two types. 

The analysis of variance also revealed a significant 
interaction between importance and passage (F[2,40]=6.07; 
P<.01), the nature of which is depicted in Fig 2. Patients 
and controls recalled fewer (Bonferroni, P<.05) low idea 
units for passage A (mean=0.27) than for passage B 
(mean=0.37), whereas recall for the other levels was com- 
parable (medium: mean=0.30 passage A, mean=0.36 pas- 
sage B; high: mean=0.56 passage A, mean=0.48 passage B). 

Finally, there was a significant interaction among group, 
time, passage, and importance (F[2,40]=5.27; P<.01), 
which is displayed in Fig 3. For passage A, recall of the 
controls tended to be lower for high idea units in the im- 
mediate relative to the delayed condition. For passage B, 
recall was consistently equal or better in the immediate 
than the delayed condition for both patients with MS and 
control subjects. 


Rate of Forgetting 


The previous analyses revealed that patients with MS 
recalled fewer total story ideas than did controls under 
immediate and delayed conditions. We also evaluated 
whether there was evidence for a greater rate of forgetting 
in patients vs controls.° This was accomplished by exam- 
ining whether the same low, medium, and high idea units 
recalled immediately were retained in the delayed condi- 
tion. We performed an analysis collapsing over passages 
A and B in order to include five patients and two control 
subjects who only recalled units at a particular level of im- 
portance for one story. One patient with MS did not recall 
any medium or low idea units from either story initially. 
The proportion of idea units retained as a function of ini- 
tial recall was examined in a 2 (group) x3 (importance) 
repeated-measures analysis of variance. Figure 4 displays 
the data. There were no significant effects of group 
(F[1,19]=2.51) or importance (F[2,38]=2.73), nor was there 
an interaction of these variables (F[2,38]=1.32; P>.05), in- 
dicating that the rate of forgetting across idea units was 
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Fig 3.—Relationship among group, time, passage, and importance. MS 
indicates multiple sclerosis. 
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Fig 4.—Rate of forgetting as a function of group and importance. MS in- 
dicates multiple sclerosis. 


comparable for both samples. In comparison with the 
lower range in the proportion of idea units retained by 
controls, seven of the 11 patients scored within their range 
for high idea units (>0.60), 10 for medium idea units 
(>0.30), and eight for low idea units (>0.40). 


Relationship Between Recall and Clinical Features of MS 


The relationships between WMS-R immediate and de- 
layed recall (total units recalled) and clinical indexes, 
including the Kurtzke Expanded Disability Status Scale 
score, months with symptoms, and months with the diag- 
nosis of MS, were examined. The results of Pearson Prod- 
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Months with symptoms Stt —=,50 
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*EDDS indicates Kurtzke Expanded Disability Status Scale. 
+P<.05. 


uct Moment Correlations among these variables are dis- 
played in the Table. As seen, a relationship between 
immediate recall and months with symptoms was found 
(P<.05). The other correlations, while in the expected di- 
rection, did not reach significance. 


COMMENT 


The results of this study extend our knowledge of mem- 
ory functioning in MS by demonstrating that gist recall is 
a preserved feature, similar to the findings in other neuro- 
logic populations including patients with CHI or temporal 
lobe epilepsy.!8” Examination of the pattern of recall re- 
vealed that patients, similar to controls, retrieved the most 
important story ideas. Rao and colleagues,’ using the total 
number of idea units, reported comparable forgetting rates 
in patients and controls. In the present study, we extend 
this to include gist recall, in which there was no striking 
evidence for a greater rate of forgetting of low, medium, 
and high importance units in patients vs controls. This lat- 
ter finding suggests that semantic sensitivity is relatively 
robust over time. The generality of our conclusions must 
be viewed cautiously until replication of these findings is 
undertaken. 

Intact semantic sensitivity demonstrates an area of 
strength that could be employed in rehabilitation. Multiple 
sclerosis has been hypothesized to impose capacity limita- 
tions on secondary memory.’ Semantic sensitivity may al- 
low individuals with limited processing capacity to encode 
and retain the most essential elements of new material. 
Patients with MS might be encouraged to encode and re- 
trieve information according to its meaning as opposed to 
focusing on irrelevant details. The research of Carroll and 
colleagues" indicates that their patients benefited from in- 
structions to semantically encode to-be-learned items in 
terms of the meaning. However, when patients employed 
a semantic strategy, they confused never-before-en- 
countered material that was conceptually related to old 
information. One implication is that patients with MS 
might exhibit distortion in their recall of passages if now 
presented with similar stories (eg, about another person 
being robbed or involved in an accident). While cognitive 
remediation approaches utilizing internal techniques such 
as semantic elaboration have met with limited success, few 
of these attempts have specifically been geared toward 
patients in whom such abilities are preserved.” 

Our findings at the present time are restricted to the re- 
call of prose in a laboratory setting. Whether semantic 
sensitivity is observed in the natural environment remains 
to be explored. Studies of memory have traditionally uti- 
lized materials such as experimenter-generated word lists 
or passages concerning made-up events. Of relevance to 
everyday functioning, however, is the recall of such infor- 
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mation as directions on how to perform a specified activ- 
ity or the content relayed during a conversation. Charac- 
terization of gist recall using ecologically based material 
will be important for delineating the impact of any under- 
lying impairment on functional activities. In addition, MS 
disrupts the speed of processing such that patients are at 
the greatest disadvantage when information must be rap- 
idly encoded.” Litvan and colleagues* postulated an 
impairment involving working memory and the articula- 
tory, or rehearsal, loop, which allows verbal information to 
be transferred to a more permanent store. Information 
communicated in the environment varies along speed 
and quantity continuums. One might expect gist recall 
of patients to be disproportionately impaired as the 
rapidity and amount of factual information increases, 
thus placing greater demands on working memory. We 
encourage replication of our findings using more exten- 
sive prose materials and manipulation of encoding and 
retrieval conditions to specify the nature of any under- 
lying disturbances. 

Our sample size does not permit a specification of the 
exact correlates of gist recall, and the findings are restricted 
to patients with relatively mild to moderate MS. With the 
exception of the duration of symptoms and immediate re- 
call of the stories, we did not observe significant correla- 
tions between MS severity indexes and memory perfor- 
mance as measured by the amount of information retained. 
Attempts to establish relationships among features of cog- 
nitive functioning and disease characteristics such as du- 
ration of illness or physical disability have generally been 
inconsistent in the research literature. Rao and colleagues’ 
have noted that this difficulty may reflect, in part, the fact 
that cognitive symptoms can occur at any point in the dis- 
ease, even in patients who are recently diagnosed. More- 
over, the Kurtzke Expanded Disability Status Scale pro- 
vides a measure of physical functioning that may have no 
bearing on cognitive symptoms. Attempts to classify 
patients according to the course of their illness, such as 
relapsing-remitting or chronic-progressive, may be useful 
in terms of isolating patterns of preserved or impaired gist 
recall in order to identify the remediation needs of specific 
patients. 

Finally, the relationship between the extent and local- 
ization of cerebral iesions and cognitive manifestations 
may provide insight into underlying correlates of memory 
processing in MS. In particular, one might predict that pa- 
tients with frontal lobe disease would exhibit impaired gist 
recall, since there is evidence that frontal lobe dysfunction 
contributes to deficient semantic processing in other pa- 
tient groups.'*”5”? For example, patients with Korsakoff’s 
syndrome do not exhibit a normal facilitation in their re- 
call when they are switched from learning one group of 
conceptually related words to a new category of words. 
This finding has been interpreted to indicate that these pa- 
tients do not semantically process material as a result of 
underlying frontal lobe involvement. However, an early 
study by Rubin and colleagues” indicated that patients 
with Korsakoff’s syndrome tended to recall the same ele- 
ments of stories as normal controls did, despite the former 
group’s overall lower level of recall. This investigation did 
not specifically examine recall as a function of the impor- 
tance units. It may be that frontal lobe deficits are best ap- 
preciated on tasks that do not provide as much structure 
as stories and in which semantic relationships are not as 
obvious. The use of dynamic neuroimaging techniques in 
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MS, such as positron emission tomography, will undoubt- 
edly contribute to stronger clinicopathologic predictions. 
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CORRECTION 


Absence of Scaling Factors in Figure 


During the printing of the article entitled “Neuropathologic and Neuro- 


chemical Correlates of Psychosis in Prima 


Dementia” that appeared in the 


June 1991 issue of the ARCHIVES (1991;48:619-624), several scaling factors 
were omitted from the Figure. Norepinephrine concentrations in the sub- 
stantia nigra and thalamus were multiplied by 0.5 (ie, the values shown in 
the Figure are half those actually measured); serotonin concentrations in the 
substantia nigra and caudate nucleus were multiplied by 0.1 and 0.5, 
respectively; and 5-hydroxyindoleacetic acid concentrations in the sub- 
stantia nigra and thalamus were multiplied by 0.1 and 0.5, respectively. 
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The Treatment of Neurosarcoidosis With Cyclosporine 


B. J. Stern, MD; S. A. Schonfeld, MD; C. Sewell, RN, MS, CRNP; A. Krumholz, MD; 
P. Scott, MD; G. Belendiuk, MD, PhD 


e Six patients with refractory neurosarcoidosis were en- 


, rolled ina 12-month open-label trial to investigate the safety 


and efficacy of cyclosporine therapy. Patients were stabi- 
lized on a corticosteroid dose, randomized to a low-dose or 
high-dose cyclosporine group (with appropriate target 
whole blood cyclosporine levels) for 6 months, and assessed 
by prospectively defined studies. The corticosteroid dose 
was adjusted as clinically tolerated. We found that the cor- 
ticosteroid dose could be lowered to 30% to 58% of the 
initial stabilization dose in conjunction with cyclosporine 
therapy, at the time of maximal clinical and laboratory im- 
provement. However, four patients deteriorated while us- 
ing corticosteroids and cyclosporine; one of these patients 
died. At the time of clinical deterioration, the prednisone 
dose ranged from 6 to 22.5 mg daily (or the equivalent). No 
serious toxic effects developed from cyclosporine therapy. 
Cyclosporine treatment is a reasonably safe and effective 
adjunct to corticosteroid therapy for patients with refrac- 
tory neurosarcoidosis, although clinical deterioration can 
occur despite combination therapy. 
(Arch Neurol. 1992;49:1065-1072) 


A pproximately 5% of patients with sarcoidosis develop 
neurologic disease.' The neurologic manifestations 
include cranial neuropathies, aseptic meningitis, hydro- 
cephalus, central nervous system (CNS) parenchymatous 
disease, peripheral neuropathy, or myopathy.' Approxi- 
mately two thirds of the patients with neurologic disease 
have a monophasic illness with varying degrees of 
recovery. However, the remaining third of the patients 
develop a relapsing or progressive neurologic illness 
with considerable morbidity. These patients typically 
have one or more CNS mass lesions, a diffuse encephalop- 


w athy or vasculopathy, hydrocephalus, or multiple cranial 


neuropathies.” 
Corticosteroids are commonly used to treat the neuro- 
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logic manifestations of sarcoidosis and are effective for 
many patients.' However, since individuals with relapsing 
or progressive illness may require chronic high-dose ther- 
apy to control symptoms,’ considerable morbidity can 
result from the medication alone. Furthermore, since some 
patients may not adequately respond to corticosteroid 
treatment, alternative management strategies would be of 
value. 

Immunologic studies of sarcoidosis reveal an increased 
helper (CD4) /suppressor (CD8) ratio at sites of disease ac- 
tivity,“ including the cerebrospinal fluid of patients with 
CNS sarcoidosis.° Cyclosporine inhibits the amplification 
of T-cell immune mechanisms’ and, therefore, may be ef- 
fective in decreasing the granulomatous inflammation as- 
sociated with sarcoidosis. We hypothesized, given the se- 
verity of illness of our patients, that cyclosporine therapy 
might lead to a decrease in the rate of disease progression 
or allow disease stabilization. Such reasoning has been 
used to evaluate treatments of other progressive neuro- 
logic disorders such as multiple sclerosis or amyotrophic 
lateral sclerosis. Therefore, we investigated the safety and 
efficacy of this treatment, in conjunction with corticoster- 
oid administration, in six patients with refractory neuro- 
sarcoidosis during an open-label trial lasting 12 months. 


PATIENTS AND METHODS 
Patient Selection 


The purpose of this study was to investigate the safety and ef- 
ficacy of cyclosporine treatment for neurosarcoidosis refractory to 
corticosteroid therapy. The study was approved by the Institu- 
tional Review Board of Sinai Hospital of Baltimore, Md, and the 
Food and Drug Administration, Public Health Service, Depart- 
ment of Health and Human Services. Because of the complex na- 
ture of neurosarcoidosis, and because our patients had demon- 
strated clinical deterioration without aggressive corticosteroid 
therapy, we selected a dosage substitution study design. In pro- 
tocols of this type, which are often used to evaluate Parkinson’s 
disease treatments, the patient is enrolled on a fixed dose of med- 
ication and a new agent is added to the therapeutic regimen. 
During the trial, the dose of the initial medication is reduced and, 
if the patient remains stable, the new agent is judged efficacious. 
Thus, in our study, prednisone is the established medication and 
cyclosporine is the investigational agent. Furthermore, after 6 
months of cyclosporine therapy, the cyclosporine was stopped 
and the corticosteroid dose was adjusted as necessary. 

The diagnosis of neurosarcoidosis required documentation of 
multisystem sarcoidosis with neurologic manifestations consis- 
tent with the established neurologic manifestations of sarcoido- 
sis.' Histologic evidence of noncaseating granulomas was desir- 
able, but it was not required for inclusion in the study if the 
clinical or radiologic evidence for the systemic presence of 
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Clinical Profiles of Patients — 


Age at 
Diagnosis of 
Patient No./ Sarcoidosis/ 
Age, y/ Neurosar- 
Race/Sex coidosis, y 


Biopsy Systemic 


Manifestations 
. ..  , . > oer hee oe 


Neurologic 


Duration of 
Corticosteroid 
Therapy 
Prior to 
Study, mo 





Diagnostic Studies 


1/29/W/F 26/26 + Brain None demon- Cranial nerves II and VIII; 38 Neuropsychologic; brain 
strated CNS parenchyma: MRI; cerebrospinal fluid; 
encephalopathy/ evoked potentials; visual 
vasculopathy, hypotha- fields; pulmonary func- 
lamic dysfunction (hy- tion; audiology; serum 
pogonadotrophic sodium and osmolality; 
hypogonadism, altered urine osmolality; phe- 
osmostat), and seizures nobarbital level; LH, es- 
tradiol; and thyroid func- 
tion 
2/35/B/F 30/34 + Nasal mu- Lung, lymph CNS parenchyma: multi- 54 Neuropsychologic; brain 
cosa, chor- node, skin, ple nodules, hypotha- CT; evoked potentials; 
oid plexus nasal mu- lamic dysfunction (hy- visual fields; pulmonary 
cosa pogonadotrophic function; serum sodium 
hypogonadism); hydro- and osmolality; phe- 
cephalus: ventriculo- nobarbital level; LH, es- 
peritoneal shunt revi- tradiol; and thyroid func- 
sions required tion 
3/32/W/M 32/32 + Lepto- None demon- Cranial nerves VI and 9 Neuropsychologic; brain 
meninges, strated VIII (both transient); MRI; cerebrospinal fluid; 
brain CNS parenchyma: my- evoked potentials; pul- 
elopathy, cauda equina monary function; serum 
syndrome; and hydro- osmolality; prolactin; 
cephalus (transient) testosterone; and thyroid 
function 
4/48/W/M 31/31 + Lepto- None demon- Cranial nerves II and VIII; 156 Neuropsychologic; brain 
meninges, strated aseptic meningitis; MRI; cerebrospinal fluid; 
brain CNS parenchyma: evoked potentials; pul- 
probable myelopathy, monary function; nerve 
encephalopathy/ conduction velocities; 
vasculopathy, cerebel- serum sodium and os- 
lar dysfunction, sei- molality; phenytoin 
zures; hydrocephalus; level; prolactin; testoster- 
and neuropathy one; and thyroid func- 
tion 
5/40/W/M 25/38 + Skin Skin, lung, Cranial nerve Il; CNS 22 Neuropsychologic; brain 
lymph node parenchyma; suprasel- MRI; cerebrospinal fluid; 
lar mass, vasculopathy evoked potentials; visual 
fields; pulmonary func- 
tion; serum sodium and 
osmolality; prolactin; 
testosterone; and thyroid 
function 
6/35/B/F 24/35 + Transbron- Lung, eye, na- Cranial nerve VI; CNS 13 Neuropsychologic; brain 
chial, pa- sal mucosa, parenchyma: MRI; cerebrospinal fluid; 
rotid gland heart, liver, encephalopathy/ evoked potentials; pul- 
parotid vasculopathy, hypotha- monary function; chest 
gland, kid- lamic dysfunction (hy- roentgenogram; serum 
ney, lymph pogonadotrophic sodium and osmolality; 
node, gas- hypogonadism, hyper- CPK; FSH, LH, estradiol; 
trointestinal prolactinemia), sleep prolactin; and thyroid 
system apnea; and hydroceph- function 


alus: ventriculoperito- 
neal shunt revisions 
required 


*CNS indicates central nervous system; MRI, magnetic resonance imaging; CT, computed tomography; LH, luteinizing hormone; CPK, creatinine 
phosphokinase; FSH, follicle-stimulating hormone; and plus sign, positive biopsy result. 


sarcoidosis was judged to be pathognomonic of the disease (ie, 
bilateral hilar adenopathy and erythema nodosum). Patients 
could also be enrolled if there was evidence of noncaseating 
granulomas on biopsy specimens of the CNS despite the lack of 
other documented systemic manifestations of sarcoidosis. 
Patients were considered a corticosteroid treatment failure if 
they did not show clinical improvement or manifested continu- 
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ing disease activity, progression, or relapse after a 6-month treat- 
ment period with corticosteroids. To be considered as having had 
an adequate treatment trial, patients must have been taking a 
minimum dose of prednisone of at least 40 mg daily (or the 
equivalent) for at least 2 weeks during the 6-month corticosteroid 
treatment period. Patients received a fixed dose of prednisone for 
at least 4 weeks prior to entry into the study. At the trial’s start, 
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ACE, U/L (Normal, <0.61) 
OCB 


IgG Index (Normal, <0.66) 
CSF 


WBC, No.x10°/L 


Protein, g/dL 1.33 


Glucose, mmol/L (Serum) 2.6 (6.9) 


Seizure 


Central 30° Visual 
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Visual Acuity OS 


VEP: P100 Latency 
OS, msec (Normal, <115 msec) 
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Cyclosporine, ng/mL 400 
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Fig 1.—Clinical course of patient 1. CSF indicates cerebrospinal fluid; ACE, angiotensin-converting enzyme; OCB, oligoclonal bands; WBC, white 


blood cells; VEP, visual-evoked potential; and solid circle, “event” marker. 
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Fig 2.—Clinical course of patient 2. Solid circle indicates “event” 
marker. 


we required evidence of active inflammatory disease as defined 


-y by appropriate (1) neurologic deficits, (2) abnormalities on com- 


puted tomographic scan or magnetic resonance imaging, or (3) 
abnormalities in the cerebrospinal fluid (other than an isolated 
elevation of the total protein level). 


Cyclosporine Therapy 


After suitable patients were screened and examined, they were 
randomized to one of two treatment groups for a period of 6 
months. The low-dose group started cyclosporine treatment with 
4 mg/kg of body weight per day in two divided doses, and the 
high-dose group started with 6 mg/kg per day in two divided 
doses. Each patient was assigned a set of bottles containing 
cyclosporine oral solution prepared by Sandoz Inc, East Hanover, 
NJ. This consisted of cyclosporine, 100 mg/mL dissolved in an 
olive oil-Labrafil base. This preparation was further diluted 1:10 


¥ by milk, chocolate milk, or orange juice before being adminis- 


tered. Initially, the dose was adjusted to maintain whole-blood 
levels of cyclosporine (polyclonal radioimmunoassay, Metpath, 
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Teterboro, NJ) in the range of 200 to 400 ng/mL for the low-dose 
group and 400 to 600 ng/mL for the high-dose group. Later in the 
study, when a specific monoclonal radioimmunoassay (Metpath, 
Teterboro, NJ) became available, the target cyclosporine blood 
level range for the low-dose group became 66 to 133 ng/mL and 
133 to 200 ng/mL for the high-dose group. For the patients who 
failed to attain adequate blood levels at the initial dose, cyclospo- 
rine dosages were gradually elevated to a maximum dose of 
10 mg/kg per day. 

A patient who missed five consecutive doses of cyclosporine or 
a total of eight doses over any 2-month evaluation period of study 
medication would have been terminated from the trial. 


Clinical Considerations 


There were two physician groups. The “clinicians” (B.J.S., A.K., 
and C.S.) were responsible for routine patient care, such as ascer- 
taining the patients’ history, conducting physical examinations, 
ordering routine laboratory and neurodiagnostic tests, and ad- 
justing all medications except for cyclosporine. The clinicians were 
blind as to the cyclosporine dose and blood level. The “pharma- 
cologists” (S.S. and P.S.) were responsible for randomizing the 
patient to the high-dose or low-dose cyclosporine groups and in- 
forming the patient how much cyclosporine to take at any given 
time. The “pharmacologists” were privy to the cyclosporine blood 
level and would make dosage adjustments based on blood levels 
and renal function. Cyclosporine levels, obtained approximately 
16 hours after the previous dose of medication, were determined 
at monthly intervals throughout the 6-month course of cyclospo- 
rine therapy. 

Patients were examined at entry into the study and then at 
monthly intervals for 12 months. A baseline history and stan- 
dardized physical examination were obtained, as well as appro- 
priate neurodiagnostic testing and a screening neuropsycholog- 
ical battery (self-rating depression scale, symbol digit modalities 
test, Wechsler Adult Intelligence Scale-Revised digit span, 
auditory-verbal learning test with recognition, and controlled oral 
word association test). The scope of neurodiagnostic studies was 
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Fig 3.—Clinical course of patient 3. CSF indicates cerebrospinal fluid; ACE, angiotensin-converting enzyme; OCB, oligoclonal bands; WBC, white 
blood cells; SEP, somatosensory-evoked potentials; LP, lumbar potential; N/P37, major negative, positive peak normally seen at approximately 37 
msec; R/L, right and left side; solid circle, “event” marker; asterisk, abnormal result; BUN, blood urea nitrogen; and hatched rectangle, furosemide 


therapy. 


prospectively tailored to each patient’s clinical manifestations. 
Women of childbearing age had a negative pregnancy test. 

At each monthly visit, an interval history and physical exam- 
ination were documented as well as a neuropsychologic screen. 
Neurodiagnostic testing was obtained after 3, 6, 9, and 12 months 
of observation or as dictated by clinical circumstances. 

Throughout the study period, the prednisone dose was ad- 
justed by the clinicians in an attempt to gradually decrease the 
dosage and yet avoid clinical deterioration. If a patient relapsed, 
the prednisone dose was increased to optimize the clinical status. 


Statistics 


The raw neuropsychologic test scores were converted to Z 
scores and the sum of each visit’s individual test Z scores were 
added to give a composite Z score. 


RESULTS 


The predominant clinical manifestations of neurosarcoi- 
dosis were parenchymal brain disease (patients 1, 2, 4, and 
6), hydrocephalus (patients 2, 4, and 6), optic neuropathy 
(patient 5), and spinal cord disease (patients 3 and 4). Pa- 
tients’ study profiles are detailed in the Table, and each in- 
dividual’s clinical course is portrayed in Figs 1 through 6. 

All patients deteriorated at some point during the study 
period. Four of the five surviving patients suffered a neu- 
rologic decline; patient 5 developed an exacerbation of 
erythema nodosum. There was one death (patient 2). 

Prednisone doses (in milligrams daily or equivalent) at 
visit 0 ranged from 40 to 100 mg/d (mean, 60 mg/d). The 
lowest prednisone dose that was used ranged from 6 to 
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30 mg/d, and the prednisone dose after 6 months of cyclo- 
sporine treatment was 7 to 60 mg/d. The dose of pred- 
nisone at the time of maximal clinical and laboratory im- 
provement was 15 to 45 mg/d (mean, 31 mg/d); this dose 
range represented a reduction of 30% to 58% from the ini- 
tial stabilization dose. The prednisone dose at the time of 
clinical deterioration ranged from 6 to 22.5 mg/d (mean, 
14 mg/d). Only two patients remained stable for 1.5 to 3 
months after cyclosporine was stopped before relapsing. 
Three patients (patients 4 through 6) deteriorated while 
taking cyclosporine therapy, and one patient died. Two 
patients (patients 4 and 5) deteriorated shortly after 
achieving a “maximal” clinical benefit from combined 
therapy. After stopping cyclosporine treatment, the dose of 
prednisone in the overall study group increased by 77% at 
9 months and 111% at 12 months, compared with the dose 
at 6 months. At the end of the study (6 months after stop- 
ping cyclosporine treatment), the dose of prednisone was 
7 to 60 mg/d (7% to 100% of the stabilization dose). 

Three patients were randomized to the low-dose and 
three to the high-dose cyclosporine group. However, only 
10 (31%) of 32 cyclosporine levels were in the desired tar- 
get range. Using the polyclonal assay, the mean cyclospo- 
rine level for the entire group was 367 ng/mL (SD=152), 
and with the specific monoclonal assay, the mean was 196 
mg/mL (SD=158). There were no apparent differences in 
the clinical response to either dose range. 

Three patients developed hypertension that responded 
to standard therapy (verapamil, prazosin, captopril, and 
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Fig 4.—Clinical course of patient 4. CSF indicates cerebrospinal fluid; ACE, angiotensin-converting enzyme; ND, not done; OCB, oligoclonal bands; 
WBC, white blood cells; SEP, somatosensory-evoked potentials; asterisk, abnormal result for all SEP values; N/P37, major negative, positive peak 
normally seen at approximately 37 msec; R/L, right and left side; solid circle, “event” marker; qod, every other day; and solid triangle, hospitaliza- 
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-Fig 5.—Clinical course of patient 5. CSF indicates cerebrospinal fluid; OCB, oligoclonal bands; VEP, visual-evoked potentials; asterisk, abnormal 

* result; solid square, test performed 8 weeks prior to baseline visit; open triangle, visual field done by different method; open circle, no erythema no- 
dosum; double plus sign, erythema nodosum present and symptomatic; single plus sign, erythema nodosum present but asymptomatic; and solid 
circle, “event” marker. 


Arch Neurol—Vol 49, October 1992 Neurosarcoidosis—Stern et al 1069 


Brain MRI 


BAEP 
Wave I-III Interval 
(Normal, <2.50 msec) 


Wave I-V Interval 
(Normal, <4.60 msec) 


Cognitive Function 


Z Score 


Clinical Events 


Ambulation, s/6.1 m 
128 


Cyclosporine, ng/mL 


Prednisone, mg/d 
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enalapril maleate). Renal impairment developed in one 
patient after treatment with furosemide for pedal edema; 
renal function improved with discontinuation of the furo- 
semide. Two patients had seizures; patient 6 had convul- 
sions in the context of hypomagnesemia. The women 
noted hirsutism. Mild postural tremor occurred in all pa- 
tients. Gum hyperplasia or paresthesias warranting thera- 
peutic intervention did not occur. Serious infection devel- 
oped only in patient 6. 


COMMENT 


Cyclosporine treatment of patients with severe forms 
of neurosarcoidosis permitted a gradual reduction of 
the intensity of corticosteroid therapy to approximately 
one third to one half of the stabilization dose. Further- 
more, after cyclosporine therapy was discontinued, the 
mean corticosteroid dose for the group needed to be 
raised to avoid clinical deterioration. Therefore, cyclo- 
sporine seems to be effective in the treatment of neuro- 
sarcoidosis. Adverse effects related to cyclosporine use 
or the patient's immunocompromised state were few 
and reversible. By allowing a reduction in corticosteroid 
dose, patients might be at less risk for the untoward 
side effects of chronic high-dose corticosteroid therapy. 

Patients were stabilized on an “optimal” dose of pred- 
nisone for 1 month prior to beginning the cyclosporine 
regimen. In general, patients improved only modestly 
above baseline while taking the cyclosporine and pred- 
nisone treatment. Therefore, we do not view cyclosporine 
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as being more effective than “optimal” corticosteroid ther- 
apy. However, we were able to decrease the prednisone 
dose in all patients until an untoward event occurred. Only 
two of five patients (patients 1 and 3) remained stable 
while not taking cyclosporine for 1.5 to 3 months before 
deteriorating. Patients 4 and 5 deteriorated just after the 
“maximal” benefit of combination therapy was observed 
by clinical or laboratory findings. Therefore, a patient’s 
seemingly encouraging status is not a reliable indicator in 
predicting the clinical course. 

Because patients often had multiple features of neuro- 
sarcoidosis, it was not possible to predict what form an 
exacerbation would take; fortunately, a stable clinical sta- 
tus could often be reestablished with an increase in corti- 
costeroid dose. Only patient 5 developed systemic mani- 
festations of sarcoidosis (erythema nodosum) with disease 
relapse; otherwise systemic sarcoidosis did not worsen 
appreciably during the study. 

There was no apparent difference in the clinical course 
between the low-dose and high-dose cyclosporine groups. 
Maintaining patients in their target blood level ranges was 
difficult; no outcome trends could be observed based on 
the actual cyclosporine blood levels. Based on our findings, 
a cyclosporine target level of 200 to 400 ng/mL (polyclonal 
assay) or 66 to 133 ng/mL (specific monoclonal assay) is 
appropriate. We cannot comment on the efficacy of lower 
cyclosporine levels. 

We recognize the limitations of our study. There was no 
placebo group to compare with the treated patients, no 
obvious dose response effect, and no way of knowing 
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whether the initially good response to cyclosporine and 
corticosteroid therapy was attributable, in part, to the ef- 
fects of cyclosporine treatment. Whether therapy alters the 
natural history of sarcoidosis is a subject of debate,’ and it 
is possible that the clinical course that we observed in our 
patients was, in fact, the natural history of their disease. 
Given these caveats, we believe that cyclosporine and cor- 
ticosteroid combination therapy can be used relatively 
safely to treat neurosarcoidosis. 

The results of the serial neurodiagnostic tests mirrored 
the clinical course. We chose to adjust the corticosteroid 
dose based on our overall clinical assessment of the patient. 
If a patient is doing functionally well, attempts to normal- 
ize laboratory test results (ie, the cerebrospinal fluid pro- 
file) may require such intense immunosuppression that the 
patient is at considerable risk for iatrogenic complications, 
especially infection. Interestingly, neurodiagnostic test re- 
sults seemed to be least abnormal at the 3-month evalua- 
tion, when patients were often doing quite well while re- 
ceiving cyclosporine and moderate corticosteroid dosages. 

The major adverse side effects related to cyclosporine 
therapy are renal insufficiency, hypertension, and infec- 
tion.’ Patient 3 developed renal impairment when furo- 
semide treatment was begun for leg edema; renal function 
improved after furosemide treatment was discontinued. 
Seizures occurred in two patients. Patient 1 had a seizure 
disorder secondary to CNS sarcoidosis before beginning 
cyclosporine; her convulsions did not worsen with cyclo- 
sporine, which is consistent with our premise that control 
of the inflammatory state is the major factor predicting 
seizure frequency.® Patient 6 had multiple convulsions af- 
ter cyclosporine therapy was stopped; these convulsions 
were associated with systemic infection and occasional 
hypomagnesemia. 

The cause of sarcoidosis remains unknown, but an im- 
munologic pathogenesis is presumed.’ An inciting event 
leads to an accumulation of helper (CD4) cells at sites of 
disease activity. Multiple chemotactic factors and lym- 
phokines are produced. In particular, interleukin 2 (IL-2) 
synthesis occurs’ following activation of the IL-2 gene." 
There are also increased levels of IL-2 receptor (IL-2R)" 
and soluble IL-2R that develop secondary to gene acti- 
vation.” Cyclosporine decreases synthesis of IL-2, perhaps 
by binding to nuclear receptors, and other lymphokines,’ 
and it, therefore, is a logical therapeutic agent to use in the 
treatment of sarcoidosis. In vitro, cyclosporine diminishes 
release of IL-2 by T lymphocytes obtained by bronchoal- 
veolar lavage from patients with active pulmonary sarcoi- 
dosis, but in vivo cyclosporine therapy alone does not seem 
to benefit patients with pulmonary sarcoidosis.'* Cortico- 
steroids also suppress release of IL-2 and IL-2 gene activ- 
ity in vivo in patients with pulmonary sarcoidosis.” Fur- 
thermore, cyclosporine solely inhibits lymphocyte 
chemotaxis, whereas methylprednisolone inhibits chemo- 
taxis principally of monocytes and neutrophils.’ Thus, it 
is not surprising that cyclosporine and corticosteroids 
might act synergistically. Indeed, some patients with 
Graves’ ophthalmopathy who did not respond to pred- 
nisone or cyclosporine therapy alone did benefit from 
combination therapy.” Because our patients had severe 
neurologic disease, we elected not to try cyclosporine 
therapy alone unless a patient could be safely weaned from 
combination treatment. Our concerns were justified in that 
no patient could tolerate complete withdrawal of cortico- 
steroids and all required combination treatment. 
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Cyclosporine has been used successfully to treat immu- 
nologically mediated systemic diseases such as rheuma- 
toid arthritis, Crohn’s disease,” primary biliary cirrho- 
sis”? Graves’ ophthalmopathy,’ and psoriasis.” 
Cyclosporine is also being investigated for treatment of 
neurologic diseases such as multiple sclerosis,~** myas- 
thenia gravis, and amyotrophic lateral sclerosis.” 
Sarcoidosis-associated uveitis,”** rash,” and pulmonary 
disease”?! have been treated with cyclosporine and occa- 
sionally yielded encouraging results.”””’°' Neurosarcoido- 
sis has also been treated with cyclosporine with variable 
outcomes.” Ours is the first prospective systematic eval- 
uation of cyclosporine for the treatment of severe neuro- 
logic complications of sarcoidosis. 

Cyclosporine is a reasonably safe adjunctive drug for 
treatment of severely ill patients with neurosarcoidosis. 
Although other modalities have been used to treat refrac- 
tory neurosarcoidosis, including azathioprine,” meth- 
otrexate,* chlorambucil,” and radiotherapy, none of them 
have been rigorously evaluated. Cyclosporine is a logical 
therapeutic agent for sarcoidosis given the pathogenesis of 
the disease and the pharmacologic effects of cyclosporine. 
Therapy with cyclosporine seems to allow a decrease in 
corticosteroid dosage to a lower level while maintaining a 
reasonable clinical status. Long-term therapy of neuro- 
sarcoidosis with cyclosporine and modest doses of cortico- 
steroid will need to be evaluated, but preliminary obser- 
vations (B.J.S., oral communication, January 21, 1992) 
indicate such an approach is feasible. Finally, the combined 
use of cyclosporine and moderate doses of corticosteroid 
early in the course of treatment of patients with severe 
forms of neurosarcoidosis bears investigation as this 
approach may avoid some of the serious adverse effects of 
the intense corticosteroid therapy required to stabilize 
these seriously ill patients. 
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6 years have not been established. 


ADVERSE REACTIONS 

lf adverse reactions are of such severity that the drug must be 
discontinued, the physician must be aware that abrupt discontinua- 
tion of any anticonvulsant drug in a responsive epileptic patient 
may lead to seizures or even status epilepticus with its life- 
threatening hazards. 

The most severe adverse reactions have been observed in the 
hemopoietic system (see boxed WARNING), the skin and the car- 
diovascular system. 

The most frequently observed adverse reactions, particularly 
during the initial phases of therapy, are dizziness, drowsiness, un- 
steadiness, nausea, and vomiting. To minimize the possibility of 
such reactions, therapy should be initiated at the low dosage 
recommended. 

The following additional adverse reactions have been reported: 
Hemopoietic System: Aplastic anemia, agranulocytosis, pan- 
cytopenia, bone marrow depression, thrombocytopenia, leuko- 
penia, leukocytosis, eosinophilia, acute intermittent porphyria. 
Skin: Pruritic and erythematous rashes, urticaria, toxic epidermal 
necrolysis (Lyell’s syndrome) (see WARNINGS), Stevens-Johnson 
syndrome (see WARNINGS), photosensitivity reactions, alterations 
in skin pigmentation, exfoliative dermatitis, erythema multiforme 
and nodosum, purpura, aggravation of disseminated lupus 
erythematosus, alopecia, and diaphoresis. In certain cases, dis- 
continuation of therapy may be necessary. Isolated cases of hirsu- 
tism have been reported, but a causal relationship is not clear. 
Cardiovascular System: Congestive heart failure, edema, aggrava- 
tion of hypertension, hypotension, syncope and collapse, aggrava- 
tion of coronary artery disease, arrhythmias and AV block, primary 
thrombophlebitis, recurrence of thrombophlebitis , and adenopathy 
orlymphadenopathy. 

Some of these cardiovascular complications have resulted in 
fatalities. Myocardial infarction has been associated with other 
tricyclic compounds. 

Liver: Abnormalities in liver function tests, cholestatic and hepato- 
cellular jaundice, hepatitis. 

Respiratory System: Pulmonary hypersensitivity characterized by 
fever, dyspnea, pneumonitis or pneumonia. 

Genitourinary System: Urinary frequency, acute urinary retention, 
oliguria with elevated blood pressure, azotemia, renal failure, and 
impotence. Albuminuria, glycosuria, elevated BUN and micro- 
scopic deposits in the urine have also been reported. 

Testicular atrophy occurred in rats receiving Tegretol orally from 

4 to 52 weeks at dosage levels of 50 to 400 mg/kg/day. Additionally, 
rats receiving Tegretol in the diet for two years at dosage levels of 
25, 75, and 250 mg/kg/day had a dose-related incidence of testicu- 
lar atrophy and aspermatogenesis. In dogs, it produced a brownish 
discoloration, presumably a metabolite, in the urinary bladder at 
dosage levels of 50 mg/kg and higher. Relevance of these findings 
to humans is unknown. 
Nervous System: Dizziness, drowsiness, disturbances of coor- 
dination, confusion, headache, fatigue, blurred vision, visual hallu- 
cinations, transient diplopia, oculomotor disturbances, 
nystagmus, speech disturbances, abnormal involuntary move- 
ments, peripheral neuritis and paresthesias, depression with agita- 
tion, talkativeness, tinnitus, and hyperacusis. 

There have been reports of associated paralysis and other symp- 
toms of cerebral arterial insufficiency, but the exact relationship of 
these reactions to the drug has not been established. 

Digestive System: Nausea, vomiting. gastric distress and abdomi- 
nal pain, diarrhea, constipation, anorexia, and dryness of the 
mouth and pharynx, including glossitis and stomatitis. 

Eyes: Scattered, punctate, cortical lens opacities, as well as con- 
junctivitis have been reported. Although a direct causal relationship 
has not been established, many phenothiazines and related drugs 
have been shown to cause eye changes. 

Musculoskeletal System: Aching joints and muscles, and leg 
cramps. 

Metabolism: Fever and chills. Inappropriate antidiuretic hormone 
(ADH) secretion syndrome has been reported. Cases of frank water 
intoxication, with decreased serum sodium (hyponatremia) and 
confusion, have been reported in association with Tegretol use (see 
PRECAUTIONS, Laboratory Tests). 

Other: |solated cases of a lupus erythematosus-like syndrome have 
been reported. There have been occasional reports of elevated lev- 
els of cholesterol, HDL cholesterol and triglycerides in patients 
taking anticonvulsants. 

A case of aseptic meningitis, accompanied by myoclonus and 
peripheral eosinophilia, has been reported in a patient taking car- 
bamazepine in combination with other medications. The patient was 
successfully dechallenged, and the meningitis reappeared upon re- 
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(400 mg/day) 


1 teaspoon q.i.d. 
(400 mg/day) 


Trigeminal Neuralgia 100 mg b.i.d. on 
the first day 


(200 mg/day) 
© 1992, CIBA-GEIGY Corporation. 


(200 mg/day) 


318-21251-A 


Initial Dose 
[Tablet | Suspension | abet 


1/2 teaspoon q.i.d. 


1/2 teaspoon q.i.d. 


challenge with carbamazepine. 

DRUG ABUSE AND DEPENDENCE 

No evidence of abuse potential has been associated with Tegretol, 
nor is there evidence of psychological or physical dependence in 
humans. 

OVERDOSAGE 

Acute Toxicity 

Lowest known lethal dose: adults, >60 g (39-year-old man). High- 
est known doses survived: adults, 30 g (31-year-old woman); chil- 
dren, 10 g (6-year-old boy); small children, 5g (3-year-old girl). 

Oral LD., in animals (mg/kg): mice, 1100-3750; rats, 
3850-4025: rabbits, 1500-2680; guinea pigs, 920. 

Signs and Symptoms 

The first signs and symptoms appear after 1-3 hours. Neuromuscu- 
lar disturbances are the most prominent. Cardiovascular disorders 
are generally milder, and severe cardiac complications occur only 
when very high doses (>60 g) have been ingested. 

Respiration: \rregular breathing, respiratory depression. 
Cardiovascular System: Tachycardia, hypotension or hyperten- 
sion, shock, conduction disorders. 

Nervous System and Muscles: Impairment of consciousness rang- 
ing in severity to deep coma. Convulsions, especially in small chil- 
dren. Motor restlessness, muscular twitching, tremor, athetoid 
movements, opisthotonos, ataxia, drowsiness, dizziness, my- 
driasis, nystagmus, adiadochokinesia, ballism, psychomotor 
disturbances, dysmetria. Initial hyperreflexia, followed by 
hyporefilexia. 

Gastrointestinal Tract: Nausea, vomiting. 

Kidneys and Bladder: Anuria or oliguria, urinary retention. 
Laboratory Findings: \solated instances of overdosage have in- 
cluded leukocytosis, reduced leukocyte count, glycosuria and 
acetonuria. EEG may show dysrhythmias. 

Combined Poisoning: When alcohol, tricyclic antidepressants, bar- 
biturates or hydantoins are taken at the same time, the signs and 
symptoms of acute poisoning with Tegretol may be aggravated or 
modified. 

Treatment 

The prognosis in cases of severe poisoning is critically dependent 
upon prompt elimination of the drug, which may be achieved by 
inducing vomiting, irrigating the stomach, and by taking appropri- 
ate steps to diminish absorption. If these measures cannot be im- 
plemented without risk on the spot, the patient should be 
transferred at once to a hospital, while ensuring that vital functions 
are safeguarded. There is no specific antidote. 

Elimination of the Drug: Induction of vomiting. 

Gastric lavage. Even when more than 4 hours have elapsed fol- 
lowing ingestion of the drug, the stomach should be repeatedly 
irrigated, especially if the patient has also consumed alcohol. 
Measures to Reduce Absorption: Activated charcoal, laxatives. 
Measures to Accelerate Elimination: Forced diuresis. 

Dialysis is indicated only in severe poisoning associated with 
renal failure. Replacement transfusion is indicated in severe poison- 
ing in small children. 

Respiratory Depression: Keep the airways free; resort, if neces- 
sary, to endotracheal intubation, artificial respiration, and adminis- 
tration of oxygen. 

Hypotension, Shock: Keep the patient's legs raised and administer 
a plasma expander. If blood pressure fails to rise despite measures 
taken to increase plasma volume, use of vasoactive substances 
should be considered. 

Convulsions: Diazepam or barbiturates. 

Warning: Diazepam or barbiturates may aggravate respiratory de- 
pression (especially in children), hypotension, and coma. However, 
barbiturates should not be used if drugs that inhibit monoamine 
oxidase have also been taken by the patient either in overdosage or 
in recent therapy (within one week). 

Surveillance: Respiration, cardiac function (ECG monitoring), 
blood pressure, body temperature, pupillary reflexes, and kidney 
and bladder function should be monitored for several days. 
Treatment of Blood Count Abnormalities: \t evidence of significant 
bone marrow depression develops, the following recommendations 
are suggested: (1) stop the drug, (2) perform daily CBC, platelet 
and reticulocyte counts, (3) do a bone marrow aspiration and trep- 
hine biopsy immediately and repeat with sufficient frequency to 
monitor recovery. 

Special periodic studies might be heipful as follows: (1) white 
cell and platelet antibodies, (2) 59Fe—ferrokinetic studies, (3) pe- 
ripheral blood cell typing, (4) cytogenetic studies on marrow and 
peripheral blood, (5) bone marrow culture studies for colony- 
forming units, (6) hemoglobin electrophoresis for A, and F hemo- 
globin, and (7) serum folic acid and By» levels. 

A fully developed aplastic anemia will require appropriate, inten- 
sive monitoring and therapy, for which specialized consultation 
should be sought. 


Dosage Information: Tablets and Suspension 


Add up to 100 mg per day at weekly 
intervals, t.i.d. or q.i.d. 


Add up to 200 mg per day at weekly 
intervals, t.i.d. or q.i.d. 


Add up to 200 mg per day in increments 
of 100 mg every 12 hours 


q.i.d. 





Subsequent Dose 


Add up to 1 teaspoon (100 mg) per day 
at weekly intervals, t.i.d. orq.i.d. 


Add up to 2 teaspoons (200 mg) per day 
at weekly intervals, t.i.d. orq.i.d. 


Add up to 2 teaspoons (200 mg) per day 


DOSAGE AND ADMINISTRATION (see table below) 
Monitoring of blood levels has increased the efficacy and safety of 
anticonvulsants (see PRECAUTIONS, Laboratory Tests). Dosage 
should be adjusted to the needs of the individual patient. A low 
initial daily dosage with a gradual increase is advised. As soon as 
adequate control is achieved, the dosage may be reduced very grad- 
ually to the minimum effective level. Medication should be taken 
with meals. 

Since a given dose of Tegretol suspension will produce higher 
peak levels than the same dose given as the tablet, it is recom- 
mended to start with low doses (children 6-12 years: 1/2 teaspoon 
q.i.d.) and to increase slowly to avoid unwanted side effects. 

Conversion of patients from oral Tegretol tablets to Tegretol sus- 
pension: Patients should be converted by administering the same 
number of mg per day in smaller, more frequent doses (i.e., D.i.d. 
tablets to t.i.d. suspension). 

Epilepsy (see INDICATIONS AND USAGE) 

Adults and children over 12 years of age—Initial: Either 200 
mg b.i.d. for tablets or 1 teaspoon q.i.d. for suspension (400 mg 
per day). Increase at weekly intervals by adding up to 200 mg per 
day using a t.i.d. or q.i.d. regimen until the optimal response is 
obtained. Dosage generally should not exceed 1000 mg daily in 
children 12 to 15 years of age, and 1200 mg daily in patients above 
15 years of age. Doses up to 1600 mg daily have been used in adults 
in rare instances. Maintenance: Adjust dosage to the minimum 
effective level, usually 800-1200 mg daily. 

Children 6-12 years of age—Initial: Either 100 mg b.i.d. for 
tablets or 1/2 teaspoon q.i.d. for suspension (200 mg per day). 
increase at weekly intervals by adding up to 100 mg per day using a 
t.i.d. or q.i.d. regimen until the optimal response is obtained. 
Dosage generally should not exceed 1000 mg daily. Maintenance: 
Adjust dosage to the minimum effective level, usually 400-800 mg 
daily. 

Combination Therapy: Tegretol may be used alone or with other 
anticonvulsants. When added to existing anticonvulsant therapy, 
the drug should be added gradually while the other anticonvulsants 
are maintained or gradually decreased, except phenytoin, which 
may have to be increased (see PRECAUTIONS, Drug Interactions 
and Pregnancy Category C). 

Trigeminal Neuralgia (see INDICATIONS AND USAGE) 

Initial: On the first day, either 100 mg b.i.d. for tablets or 1/2 
teaspoon q.i.d. for suspension for a total daily dose of 200 mg 

This daily dose may be increased by up to 200 mg a day using 
increments of 100 mg every 12 hours for tablets or 50 mg (1/2 
teaspoon) q.i.d. for suspension, only as needed to achieve freedom 
from pain. Do not exceed 1200 mg/daily. Maintenance: Control of 
pain can be maintained in most patients with 400 mg to 800 mg 
daily. However, some patients may be maintained on as little as 200 
mg daily, while others may require as much as 1200 mg daily. At 
least once every 3 months throughout the treatment period, at- 
tempts should be made to reduce the dose to the minimum effective 
level or even to discontinue the drug. 

HOW SUPPLIED 

Chewable Tablets 100 mg—round, red-speckled, pink, single- 
scored (imprinted Tegretol on one side and 52 twice on the scored 
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Tablets 200 mg—capsule-shaped, pink, single-scored (imprinted 
Tegretol on one side and 27 twice on the partially scored side) 
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Samples, when available, are identified by the word SAMPLE ap- 
pearing on each tablet. 
Protect from moisture. Dispense in tight container (USP). 
Suspension 100 mg/5 mi (teaspoon)—yellow-orange, citrus- 
vanilla flavored 

Botting OF AR ne os cuca cw Seika NDC 58887-019-76 
Shake well before using. 
Do not store above 86°F. 
Dispense in tight, light-resistant container (USP). 
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Maximum Dose 
Tablet or Suspension 


1000 mg/24 hours 


1000 mg/24 hours: 12-15 years 
1200 mg/24 hours: over 15 years 
1600 mg/24 hours: adults, in rare instances 


1200 mg/24 hours 
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Pathe Davis is s pleased to announce 
the Twelfth Annual Merritt-Putnam Symposium 





MOLECULAR GENETICS AND EPILEPSY: 


FOUNDATION FOR 
THERAPEUTIC ADVANCES 





Saturday, December 5, 1992 


8:30 AM — 3:00 PM 
The Westin 
Seattle, Washington 





An Educational Program for Neurologists and Other 
Healthcare Professionals Involved with Epilepsy Management 


Sponsored jointly by the Duke University Department of Medicine/Division of 
Neurology, the Duke University Office of Continuing Medical Education, the 
American Epilepsy Society, and the Epilepsy Foundation of America, the 1992 Merritt- 
Putnam Symposium is intended to introduce the practicing clinician to the latest 
research in molecular genetics as it relates to the treatment of epilepsy. 


The faculty for this program includes James O. McNamara, MD, who also serves as 
chairman; Thomas D. Bird, MD; Antonio V. Delgado-Escueta, MD; Daniel H. 
Lowenstein, MD; Allen D. Roses, MD; and Douglas C. Wallace, MD. 


Category 1 CME credit will be offered by Duke University School of Medicine. For 
registration information, please call the Office of Continuing Medical Education at 
Duke University Medical Center at (800) 222-9984. 


The Merritt-Putnam Symposium is made possible through an educational 
grant from Parke-Davis, Division of Warner-Lambert Company. 
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Observation 


Humoral and Cellular Immunologic Study of 
Cerebrospinal Fluid in a Patient With Behcet Encephalitis 


P. J. H. Jongen, MD; H. E. M. Daelmans, MD; B. Bruneel, MD; M. R. den Hartog, MD 


e To study the immunopathogenesis of neuro-Behçet syn- 
drome, we performed serial cerebrospinal fluid (CSF) ex- 
aminations in a patient with Behcet’s syndrome and in- 
volvement of the central nervous system. Before and after 
immunosuppressive treatment, we measured the CSF in- 
dexes of immunoglobulins (Ig), and the third (C3) and the 
fourth (C4) component of complement, and quantified im- 
mune complexes and lymphocyte subsets in CSF and 
peripheral blood. During active encephalitis, humoral ab- 
normalities were intrathecal production of IgM and, to a 
lesser degree, IgG and IgA, presence of immune complexes 
in CSF but not in peripheral blood, intrathecal C3 produc- 
tion, and elevated CSF C3 and C4 concentrations; lympho- 
cyte subset analysis showed an increased CSF CD8* T-cell 
percentage, in combination with slightly increased PB CD3* 
and CD8* T-cell subsets. After effective immunosuppressive 
treatment, humoral and cellular CSF values were normal. 
We conclude that intrathecally produced immunoglobulins, 
immune complexes, and C3 as well as CD8* T cells are likely 
to participate in the development of Behçet encephalitis. 
(Arch Neurol. 1992;49:1075-1078) 


poe: syndrome is a multisystem disorder, typically 
presenting as a triad of oral, genital, and ocular 
lesions.'? Central nervous system (CNS) involvement, of- 
ten called neuro-Behcet, is one of the most serious mani- 
festations and a major cause of morbidity and mortality.** 
Meningitis, encephalitis, and organic mental syndromes 
are the most frequent neuropsychiatric pictures.’ Vasculi- 
tis is the pathologic hallmark of Behget’s syndrome.'” Re- 
cent evidence suggests that a type III hypersensitivity re- 
action, involving deposition of immune complexes and 
complement activation, is responsible for cutaneous and 
mucosal lesions.° Histopathologic findings” '’ and results 
of in-vitro studies! indicate that cellular immune mecha- 
nisms also play a role in Behcet’s syndrome. 

Little is known about the pathogenic mechanisms in 
neuro-Behcet. Histopathologic examinations of active CNS 
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lesions are rare.'°!?!3 Few studies of cerebrospinal fluid 
(CSF) included both cellular and humoral immunologic 
examinations,'®'*'> and, as far as we know, no reports have 
appeared comparing CSF immune parameters before and 
after treatment. 

In a patient with Behcet’s syndrome and recurrent 
encephalitis, we studied humoral and cellular immune 
parameters in CSF, before and after effective immunosup- 
pressive treatment. From our findings, we conclude that 
humoral and cell-mediated immune mechanisms are likely 
to cooperate in the development of Behçet encephalitis. 


REPORT OF A CASE 


On September 28, 1983, a 22-year-old white man was admitted 
to the University Hospital Nijmegen (the Netherlands). For 2 
weeks he had had a fever (temperature, 38°C to 40°C), fatigue, 
headache, anorexia, and weight loss. His history was uneventful. 
He had never been abroad, and no relatives originated from 
Mediterranean countries or Japan. On admission, his temperature 
was 38.2°C. Examination showed severe dental caries, gingivitis, 
and pustules on the trunk. His erythrocyte sedimentation rate was 
115 mm after 1 hour; leukocyte count, 14.7X10’/L (normal differ- 
ential); hemoglobin, 8.7 mmol/L; hematocrit, 0.41; alkaline phos- 
phatase, 138 U/L; aspartate aminotransferase, 31 U/L; alanine 
aminotransferase, 71 U/L; lactic dehydrogenase, 205 U/L; 
y-glutamyltransferase, 150 U/L; and serum protein electrophor- 
esis, normal. Blood serologic results for syphilis were negative. 
There were normal or negative results for the following tests: 
rheumatoid factor; antinuclear antibodies; Toxoplasma; cytomeg- 
alovirus; and hepatitis A, B, and C serology. Urine, sputum, 
blood, and feces cultures were negative. Roentgenograms of the 
chest and skull, abdominal computed tomography (CT), and an 
echocardiogram yielded no abnormalities. On October 13, vom- 
iting occurred. Neurologic examination showed a slight drows- 
iness, nuchal rigidity, and bilateral papilledema. The CSF was 
obtained under normal pressure. Total leukocyte concentration 
(TLC) was 667X10°/L, with 0.80 polymorphonuclear cells 
(PMNs) and 0.20 mononuclear cells (MNs), and a total protein 
concentration (TPC) of 1.72 g/L. Cerebral CT was normal. A clin- 
ical diagnosis of bacterial meningitis was made. Penicillin G (12 
million U/d) was given for 14 days. Blood and CSF cultures, 
however, were negative. Within 1 week, his symptoms and signs 
subsided. On November 11, 1983, the patient was discharged af- 
ter a full recovery. 

On April 3, 1984, severe headaches and high temperature (39°C) 
necessitated readmission. Examination revealed slight agitation, 
nuchal rigidity, papilledema, and a small ulceration of the left 
tongue margin. Brain CT examination was normal. The CSF val- 
ues were as follows: TLC, 30010°/L, with PMNs, 0.80; MNs, 
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0.20; and TPC, 1.76 g/L. Therapy with ampicillin (12 g/d intra- 
venously), trimethoprim (480 mg/d intravenously), and sul- 
famethoxazole (2400 mg/d intravenously) was started. Blood and 
CSF cultures were negative. Signs and symptoms disappeared. 
The patient was discharged on April 27, 1984. 

On December 21, 1984, he was readmitted because of headache 
and fever, which had been present for 1 week. Examination 
showed a body temperature of 38.5°C and bilateral Babinski’s 
signs. During hospitalization, scrotal ulcers and small ulcerations 
on the left tongue margin appeared. Ophthalmologic examination 
revealed chorioretinitis of the right eye and bilateral papilledema. 
Brain CT examination showed a low-density area in the right 
frontal region, suggestive of an encephalitic lesion. The electro- 
encephalogram was normal. The CSF values were as follows: 
TLC, 833 10°/L, with PMNs, 0.35; MNs, 0.65; and TPCs, 2.13 g/L. 
Blood and CSF serologic findings were negative as were cultures. 
Clinical diagnosis of encephalitis in Behcet’s syndrome was 
made,'*’° and azathioprine (2 mg/kg per day) was started. The 
clinical condition improved, and the patient was discharged on 
February 1, 1985. Signs of chorioretinitis disappeared, and 
azathioprine therapy was discontinued. Control examinations 
periodically disclosed tongue ulcers. A slight headache was 
sometimes mentioned. 

On March 7, 1988, a generalized convulsive seizure, followed 
by visual impairment and headaches, necessitated the fourth 
hospitalization. The next day, another seizure occurred, preceded 
by transient weakness and numbness of the left arm. Examination 
revealed a slight paresis of left facial muscles and bilateral Bab- 
inski’s signs. There were no oral or genital ulcerations. On elec- 
troencephalography, slow-wave activity in the right frontocen- 
troparietal region was seen. Cerebral CT examination showed a 
low-density area in the region of the right basal ganglia. Contrast 
enhancement was positive. Magnetic resonance imaging (MRI) 
revealed high-density areas on the level of the right putamen and 
within the right parietal white matter. Ophthalmologic examina- 
tion was normal. The CSF values were as follows: TLC, 
25210°/L, with PMNs, 0.43; MNs, 0.57; and TPC, 1.42 g/L. 
Again, the CSF and blood serology and cultures were negative. 
Recurrent Behçet encephalitis was diagnosed, and therapy with 
prednisone (75 mg/d) and chlorambucil (6 mg/d) was started. 
The patient’s condition gradually improved. After 4 weeks, 
prednisone was slowly tapered off. He was discharged on April 
26, 1988. With chlorambucil therapy (6 mg/d, gradually tapered 
to 2 mg/d), his condition remained satisfactory until August 23, 
1989, when severe frontal headaches occurred, leading to his 
readmission. Except for tense nuchal muscles and a small tongue 
ulceration, findings from his physical examination were as unre- 
markable. The CSF test results were as follows: TLC, 4*10°/L, 
with MNs, 1.0, and TPC, 0.38 g/L. Tension headache related to 
stressful working conditions was diagnosed. The headaches dis- 
appeared spontaneously within 2 days, and chlorambucil therapy 
(2 mg/kg per day) was continued. Through August 1991, his 
neurologic signs or symptoms have not recurred. 


METHODS 


During one episode of meningitis (1983), two episodes of 
encephalitis (1985 and 1988), and one episode of tension headache 
(1989), we obtained 11 paired samples of CSF and serum. In these 
specimens, albumin, IgG, IgA, and IgM concentrations were 
measured using methods described elsewehere.'’ The CSF index 
was used as an indicator of intrathecal Ig synthesis. The CSF Ig 
index is as follows: (CSF Ig X Serum Albumin)/(Serum Ig X CSF 
Albumin). The following reference values have been established 
in our laboratory: For normal CSF total protein concentrations, 
reference values for IgG index are 0.36 to 0.56; for IgA index, 0.13 
to 0.37; and IgM index, less than 0.06. For a CSF TPC ranging from 
0.45 to 0.70 g/L, these values are 0.36 to 0.62 for the IgG index, 
0.16 to 0.40 for the IgA index, and less than <0.10 for the IgM in- 
dex. For a CSF TPC exceeding 0.7 g/L, the respective values are 
0.36 to 0.69, 0.16 to 0.40, and less than 0.10. A CSF protein electro- 
phoresis was performed on cellulose acetate (Cellogel). We used 
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a buffer (TRIS, edatic acid, and borate; pH, 9.0) for better detec- 
tion of oligoclonal IgG bands. 

The CSF and serum samples, obtained during active encepha- 
litis (1988), at clinical recovery (1988), and during tension head- 
ache (1989), were stored within 30 minutes at —70°C. In uncon- 
centrated CSF and serum samples, C3 and C4 concentrations were 
measured nephelometrically, as reported previously,” and im- 
mune complexes were quantified using a Clq binding assay 
(normal value, <5%). The CSF C3 and C4 indexes were calculated 
by the same equation as the CSF Ig indexes. Using normal order 
statistics, the following reference values were obtained in 58 con- 
trol patients, 51 with lumbar disk disease, and seven with 
psychiatric diagnoses of psychogenic dysfunction: CSF C3 con- 
centration, 1.0 to 10.0 mg/L; CSF C4 concentration, 0.5 to 
6.9 mg/L; CSF C3 index, 0.12 to 0.95; and CSF C4 index, 0.20 to 
2.70. Values outside these limits may be considered abnormal. 

On four occasions, lymphocyte subsets were analyzed in paired 
CSF and PB samples: twice during active encephalitis (1985 and 
1988), once at clinical recovery from the second encephalitis 
(1988), and once during the period of tension headache (1989). 
Samples were handled immediately. The leukocyte count in CSF 
was performed using a Fuchs-Rosenthal chamber, and a Sayk 
sedimentation chamber with May-Griinwald-Giemsa staining 
for leukocyte differentiation. For determination of lymphocyte 
subpopulations in blood and CSF, the following monoclonal an- 
tibodies were used, OKT3 (CD3, mature T cells), OKT4 (CD4, 
helper/inducer T cells), OKT8 (CD8, suppressor/cytotoxic T 
cells), OKIa1 (activated cells) (Ortho Pharmaceutical, Raritan, NJ), 
and B1 (B cells) (Coulter Clone, Lutton, England). Fluorescein 
isothiocyanate goat anti-mouse IgG F(ab’)2 fragment (GAM/ 
FITC, Kallestad Laboratories Inc, Austin, Tex) was used as a sec- 
ond label. The procedure for immunofluorescence typing is de- 
scribed elsewhere." In both CSF and PB, the proportion of a given 
subset was expressed as a percentage of the total amount of 
mononuclear cells. Reference values established in our laboratory 
for PB are as follows: CD3*, 52% to 80%; CD4*, 25% to 65%; CD8*, 
12% to 28%; CD4* /CD8* ratio, 0.8 to 4.0; and B1*, 2% to 10%. For 
CSF, the reference values are as follows: CD3*, 65% to 89%; CD4+, 
32% to 68%; CD8*, 8% to 32%; CD4* /CD8* ratio, 0.4 to 4.8; and 
B1* 0% to 8%. 


RESULTS 


The CSF indexes for IgG, IgA, and IgM are given in Ta- 
ble 1. Increase of Ig indexes was a consistent finding dur- 
ing active CNS disease: for IgM, threefold to fivefold; for 
IgG and IgA, less than twofold. Indexes decreased with 
clinical recovery. We were not able to detect oligoclonal 
IgG bands in a single CSF sample. 

Table 2 shows the CSF and serum C3 and C4 concentra- 
tions, the respective CSF indexes, and the Clq binding 
values. During the second episode of active encephalitis, 
increased CSF C3 and C4 concentrations, an increased CSF 
C3 index, and the presence of CSF immune complexes 
were established. 

The CSF and PB lymphocyte subset values are presented 
in Table 3. During the second episode of encephalitis, the 
CSF CD8° cell percentage was clearly elevated, as was the 
PB B1* cell percentage. During both encephalitic episodes, 
there was a slight increase of the PB CD3* and CD8* cell 
percentages. At clinical recovery from the second enceph- 
alitis, CSF and PB lymphocyte subsets were normal, except 
for a slightly increased PB CD8* subset. During the tension 
headache, all values were lowered except for the PB CD8* 
subset, which was normal. 


COMMENT 


The major findings in this long-term CSF study in a pa- 
tient with Behcet’s syndrome and recurrent CNS involve- 
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Table 1.—Cerebrospinal Fluid Immunoglobulin Indexes During Behçet Meningitis, Behçet Encephalitis, 
and During Tension Headache 


Second Encephalitis 
oe ee re 


First Meningitis First Encephalitis 


SSS Tension Headache 


iar ab (eee 
1983 1985 1988 1989 


10/31 1/7 1/21 4/4 3/23 4/7 4/21 8/24 


IgG 0.70* 0.58* 0.61 0.54 
IgA 0.52* 0.45* 0.48* 0.46* 
IgM ND* ND 0.34* 0.07 


*Indicates index increased; ND, not determined. For reference values, see “Methods” section. 


10/24 





Table 2.—Cerebrospinal Fluid (CSF) and Serum C3 and C4 Concentrations, C3 and C4 Indexes, and C1q-Binding 
Values During the Second Episode of Behçet Encephalitis, at Clinical Recovery, and During Tension Headache 


Second Encephalitis 
Tension Headache 
August 24, 1989 


March 23, 1988 September 6, 1988 


t= aioe’ 
Index Serum CSF Index 


C3 (g/L) 14.72* 0.257 0.01* 12.05 0.04 0.0091 
C4 (g/L) 3.82 O12" 0.0072 3.37 0.02 0.0061 
C1q binding (%) <5 13* ya <5 <5 


*Indicates value increased. For reference values, see “Methods” section. 


Serum CSF Serum 


0.055 
0.037 


0.0087 
0.0220 





Table 3.—Cerebrospinal Fluid (CSF) and Peripheral Blood (PB) Lymphocyte Subsets During Two Episodes of 
Behcet Encephalitis and an Episode of Tension Headache* : 


First Encephalitis 
January 21, 1985 


eek dat ee 
PB CSF 


Total leukocyte count, 
x10°/L* bad 62 


% CD3* 86t (2.46) 65 (35) 
% CD4* 52 (1.49) 41 (22) 


% CD8* 31+ (0.89) 27 (17) 
% CD4*/% CD8* 17 1.6 1.9 
% B1* 6 (0.17) 3 (19) 


March 23, 1988 


84* (1.30) 
57 (0.88) 


30t (0.47) 


15t (0.23) 





Second Encephalitis 
Tension Headache 


September 6, 1988 August 24, 1989 


34# (0.23) 
8+ (0.05) 


57 (0.20) 
27 (0.10) 


75 (32) 
54 (23) 


33t (0.12) 22 (0.15) 26 (11) 
0.8 0.44 2.1 
2 (0.01) OF (0) 6 (3) 


*For reference values of subset percentages see “Methods” section. Figures in parentheses represent the absolute numbers of lymphocytes, for PB 
times 10°, and for CSF times 10°/L. Reference values (10°) for PB lymphocyte numbers are CD3*, 0.41 to 2.41; CD4*, 0.25 to 1.82; CD8*, 0.11 
to 0.79; and B1*, 0.03 to 0.22; reference values (X10°/L) for CSF are CD3*, 0 to 69; CD4*, 0 to 53; CD8*, 0 to 23; and B1*, Oto 5. 


tindicates value increased. 
Indicates value decreased. 


ment were the coexistence of humoral and cellular immu- 
nologic abnormalities during active Behçet encephalitis. 
Intrathecal production of IgM, IgA, IgG, and C3, elevated 
CSF C3 and C4 concentrations, the presence of CSF 
immune complexes, and an increased CSF CD8* T-cell 
percentage. After effective immunosupressive treatment, 
these immune parameters were normal. 

In agreement with Hirohata et al,!? we found that the in- 
trathecal Ig synthesis during active neuro-Beh¢et syn- 
drome was predominantly of the IgM type, and that the 
IgM index decreased with clinical recovery. The intrathe- 
cally produced IgM may include auto-antibodies against 
neural tissue, since a significantly greater incidence of IgM 
serum antibodies to the glycolipids GM and GA, has been 
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demonstrated in neuro-Behçet patients, compared with 
Behçet patients without neurologic involvement, and pa- 
tients with other neurologic or collagen diseases.” 
Unlike others, we were able to demonstrate CSF im- 
mune complexes during active Behçet encephalitis. The ab- 
sence of circulating immune complexes suggests an intrath- 
ecal origin of the CSF complexes. The CSF immune com- 
plexes have been reported in systemic lupus erythematosus 
involving the CNS.” In rheumatoid arthritis, another dis- 
ease resembling Behcet’s syndrome, synovial immune 
complexes originate from antigens and autoantibodies 
both produced within the target organ.” It is conceivable 
that in neuro-Behcet intrathecally produced IgM autoanti- 
bodies complex CNS antigens to form immune complexes. 
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Immune complexes activate the complement system,” 
and C3 conversion products in neuro-Behget CSF reflect 
intrathecal complement activation.” Systemic complement 
consumption is followed by an increased production,” 
and, in analogy, complement consumption within the CNS 
may give rise to intrathecal production.” The increased 
CSF C3 index during active encephalitis in our patient re- 
flects C3 synthesis within the CNS.” Previous studies 
found elevated CSF C3”** and C4 levels during active 
Behçet encephalitis, as we did in our patient. 

Abnormalities in PB T-cell function and subset percent- 
ages have been reported in Behcet’s syndrome," and oral 
Behçet lesions contain CD8* (cytotoxic/suppressor) T 
lymphocytes.” Immunosuppressive therapies that reduce 
the number and function of T lymphocytes are an effective 
treatment in Beh¢et’s syndrome.” Regarding an eventual 
T-cell contribution to neuro-Behcet pathogenesis, we made 
the following observations: during active encephalitis the 
CSF CD8* (cytotoxic/suppressor) T-cell percentage was 
increased, in combination with a less-conspicuous increase 
of PB CD3* and CD8* T cells; after effective treatment the 
corresponding values were normal or decreased. The ab- 
normally low PB values during the tension headache epi- 
sode are thought to result from chlorambucil therapy. 
These findings suggest that CD8* T cells areinvolved in Beh- 
çet encephalitis, as they are in oral lesions. Examination of 
brain tissue in a patient with active Behçet meningoenceph- 
alitis did show perivascular lymphocyte infiltrations." 

In our patient’s encephalitis, CD8* T cells may have co- 
operated with humoral immune mechanisms, since recent 
in vitro studies suggest that binding of antigen in immune 
complexes plays an important role in enhancing an 
antigen-specific cellular immune response.” On the other 
hand, CSF CD8* cells are likely to regulate B-cell activity, 
and, thus, intrathecal Ig synthesis.” 

Recently, Sharief et al? reported the detection of oligo- 
clonal IgM and IgA bands in CSF samples from patients 
with active neuro-Behcet disease; the bands disappeared 
when neurological manifestations remitted, suggesting 
that oligocloanal IgM and IgA are valuable indicators of 
disease activity. 

In conclusion, in a long-term study of CSF immune pa- 
rameters in a patient with recurrent neuro-Behcet syn- 
drome, we obtained evidence that within the CNS both 
humoral factors (intrathecally produced IgM, IgA, IgG, 
immune complexes, and C3) and cellular mechanisms 
(CD8* T cells) may cooperate in the pathogenesis of Behçet 
encephalitis. 


We are grateful to Willy Nillesen and Annemarie Versteegh, 
Nijmegen, the Netherlands, for technical assistence; to W. Borstlap, 
PhD, Nijmegen, for valuable advice; to Professor A. Plasschaert, Ni- 
jmegen, for information on the patient’s dental condition; and to H. 
J. van Lier, MSc, Nijmegen, for statistical advice. 
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Central Nervous System Involvement in the 
Eosinophilia-Myalgia Syndrome 


Joanne Lynn, MD; Kottil W. Rammohan, MD; Robert A. Bornstein, PhD; John T. Kissel, MD 


e A patient with eosinophilia-myalgia syndrome developed 
progressive central nervous system involvement that did not 
improve despite discontinuation of L-tryptophan therapy. 
Neurologic impairment was manifested initially by spastic 
monoparesis, which was improved by treatment with methyl- 
prednisolone and hydroxyurea. Recurrence of weakness 
was accompanied by gait ataxia, dysphagia, and complaints 
of a gradual decline in memory and concentration. Neu- 
ropsychological testing identified a broad pattern of cogni- 
tive deficits suggestive of a subcortical dementia, and mag- 
netic resonance imaging demonstrated multiple high-signal 
lesions in the white matter. Cognitive deficits appear to be 
underrecognized in patients with the eosinophilia-myalgia 
syndrome. The response of our patient’s initial symptoms to 
corticosteroid therapy suggests a possible role for autoim- 
mune mechanisms in the pathogenesis of central nervous 
system involvement in the eosinophilia-myalgia syndrome. 
Neuropsychological evaluation should be performed in pa- 
tients with cognitive complaints to delineate the full spec- 
trum of central nervous system impairment associated with 
the eosinophilia-myalgia syndrome. 
(Arch Neurol. 1992;49:1082-1085) 


T eosinophilia-myalgia syndrome (EMS) is a multi- 
system disease that was first recognized after the out- 
break of a nationwide epidemic in 1989. The Centers for 
Disease Control's initial surveillance definition required 
generalized debilitating myalgias, peripheral eosinophilia 
of at least 1.010" cells per liter, and the absence of any in- 
fection or neoplasm.' The symptom complex includes my- 
algias, arthralgias, rash, cough or dyspnea, fever, fatigue, 
and peripheral edema. Although the condition is associ- 
ated with ingestion of L-tryptophan-containing products, 
the pathogenesis of EMS remain unknown. 

Reported nervous system involvement in EMS was pri- 
marily limited to peripheral neuropathy until the recent 
description by Tolander et al’ of a 46-year-old woman with 
a strokelike presentation and multiple white matter lesions 
who stabilized after withdrawal of L-tryptophan. We de- 
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scribe a patient with EMS and central nervous system 
(CNS) involvement in whom the CNS disorder was 
progressive even after the discontinuation of L-tryptophan 
therapy. 


REPORT OF A CASE 


A 48-year-old woman was admitted to a community hospital 
January 27, 1989, for left upper extremity numbness and weak- 
ness, dysarthria, and ataxia that had developed over several days. 
A few days earlier she had experienced transient disorientation 
and diplopia. She also complained of diffuse muscle and joint 
aches, leg rash, edema, and headaches. Her medical history was 
significant for chronic depression, borderline personality disor- 
der, and mild chronic obstructive pulmonary disease secondary 
to a 70-pack-year history of tobacco abuse. She had been treated 
with lithium and 6 g/d of oral L-tryptophan for depression for 
approximately 11 months. 

On initial examination, the patient’s vital signs were normal. 
The general examination was notable for an erythematous rash in 
both lower extremities below the knees and 1+ pitting edema at 
both ankles. Neurologic examination revealed a normal mental 
status, including mood and affect, by bedside testing. The results 
of an examination of the cranial nerves, including eye movements, 
were unremarkable. Strength was graded 2 to 3 (Medical Research 
Council scale) in the left upper extremity. Reflexes were 2+ on the 
right and 3+ on the left. Plantar responses were flexor. Sensory 
examination demonstrated decreased perception of pinprick in 
the left upper extremity. Rapid alternating movements were 
moderately slowed in both upper extremities. 

Admission laboratory investigations were notable for a white 
blood cell count of 14.6X10°/L (reference range, 4 to 10X10°/L) 
with 55% eosinophils. The absolute eosinophil count was 
8.010°/L (reference range, 0.1 to 0.3X10°/L). The patient’s he- 
moglobin level, platelet count, and liver function test results were 
normal. 

A magnetic resonance imaging (MRD scan of the brain demon- 
strated several small foci of abnormal high-signal intensity in the 
white matter of the right temporal lobe and periventricular 
regions (Figure). A lumbar puncture was traumatic, with the fol- 
lowing results: red blood cells, 3410’/L; white blood cells, 
0.140X10°/L (reference range, 0 to 0.005X10°/L); and protein, 
2.46 g/L (reference range, 0.15 to 0.45 g/L). Oligoclonal IgG bands 
were absent. The antinuclear antibody titer, erythrocyte sedimen- 
tation rate, rheumatoid factor, and vitamin B,» level were all nor- 
mal. Stool samples were negative for ova and parasites. A bone 
marrow biopsy specimen and aspirate were significant only for 
increased eosinophil precursors. An electroencephalogram, vi- 
sual evoked potentials, and a two-dimensional echocardiogram 
were normal. Electromyographic examination of the left upper 
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Magnetic resonance imaging, axial planes. Top row, Initial presentation. Bottom row, Follow-up 22 months later. Top lett, T-weighted image (rep- 
etition time [TR], 2000 milliseconds [ms]; echo time [TE], 80 ms) at the level of the pons shows one or two small high-signal lesions within the pons. 
Top center, Subsequent study shows large confluent areas of abnormal signal in the central pons without mass effect. Top right, Proton density (TR, 
2000 ms; TE, 30 ms) image at the level of lateral ventricles shows several punctate areas of increased signal within the white matter. Bottom left, 
Subsequent study shows enlarged confluent areas of abnormal signal within the periventricular white matter with right parieto-occipital extension. 
Bottom center, Proton density (TR, 2000 ms; TE, 30 ms) image at level of centrum semiovale shows several small areas of abnormal signal that in- 
crease on subsequent examination (bottom right). 


extremity showed decreased firing rates and recruitment fre- 
quencies suggestive of an upper motor neuron lesion. 

A diagnosis of possible idiopathic hypereosinophilic syndrome 
was made. The patient was treated with intravenous methyl- 
prednisolone (1 g/d for 5 days), with prompt resolution of 
eosinophilia and gradual resolution of neurologic symptoms. Be- 
cause the patient exhibited manic symptoms during oral pred- 
nisone therapy, eosinophilia was subsequently suppressed with 
oral hydroxyurea therapy (1.5 g/d). The patient continued to re- 
ceive L-tryptophan because EMS was not yet recognized. 

In May 1989, the patient discontinued the hydroxyurea therapy 
for 3 weeks. Her white blood cell count rose to 22.910’/L with 
50% eosinophils, and she developed recurrent left upper extrem- 
ity weakness, incoordination in both upper extremities, gait im- 
balance, and dysphagia. On physical examination, left upper ex- 
tremity strength was graded 3 to 4, and moderate incoordination 
of finger movements was present bilaterally. The patient was 
treated with intravenous vincristine (1.4 mg/m? weekly for four 
doses), followed by reinstitution of oral hydroxyurea therapy 
(1.5 mg/d), with little improvement. 

Over the following 6 months, the patient reported a gradual 
decline in memory and concentration, as well as worsening of her 
rash and myalgias. Treatment with L-tryptophan was discontin- 
ued in July 1989 because of the development of dysphagia. When 
reports of the association between L-tryptophan and the EMS be- 
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gan to appear, a skin and right gastrocnemius biopsy was 
performed, which demonstrated several perivascular lympho- 
cytic infiltrates with occasional eosinophils in subcutaneous tis- 
sue, fascia, and muscle. 

The patient presented to the Department of Neurology, Ohio 
State University College of Medicine, Columbus, in October 1991 
for further evaluation of fatigue and memory loss. The general 
examination was significant for brawny induration of the skin of 
all limbs, mild sclerodermatous changes of the face and hands, 
and diffuse tenderness of all muscle groups. The motor examina- 
tion was significant for grade 4 left upper extremity weakness. 
Reflexes were diffusely brisk with clonus at both ankles. The 
plantar response was extensor on the left and flexor on the right. 
Sensory examination demonstrated decreased vibration in both 
lower extremities to the ankles and patchy diffuse hypoesthesia. 
Her gait was hesitant and broad based. 


EVALUATION 


The patient underwent detailed neuropsychological test- 
ing for further evaluation of her complaints of memory and 
concentration difficulties. The examination included the 
Wechsler Adult Intelligence Scale-Revised, subtests of the 
Wechsler Memory Scale-Revised, the California Verbal 
Learning Test, the Continuous Visual Memory Test, the Wis- 
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= Results of Neuropsychological Examination* 


WAIS-R Trail Making Test, s 
Verbal IQ Part A 
Performance IQ Part B 


Attention span 
Digits forward 
Digits backward 
Visual forward 
Visual backward 

Sensory-perceptual 

Total Recall Finger agnosia 
Delayed recall Right 
Recognition Left 

Nonverbal Stereognosis, errors 

CVMT 
Total Right 
Delayed Left 


Graphesthesia 
Right 


Memory, percentile 
Verbal 
Logical memory 
Immediate 
Delayed 
CVLT 


Concept formation 
VCAT 
WCST, perseveration Left 
Stereognosis, s 
Right 
Left 


*Scores marked by a dagger indicate impaired performance relative 
to normative control values. WAIS-R indicates Wechsler Adult Intelli- 
gence Scale-Revised; CVLT, California Verbal Learning Test; CVMT, 
Continuous Visual Memory Test; VCAT, Verbal Concept Formation Test; 
and WCST, Wisconsin Card Sorting Test. 


consin Card Sorting Test, the Verbal Concept Formation 
Test, the Verbal Fluency Test, and the Trail Making Test. The 
results of this examination are presented in the Table. 

As shown, she had a verbal IQ of 98 and a performance 
(visuospatial) IQ of 79. Her auditory attention span (digit 
span) was better than her visual attention span (from the 
Wechsler Memory Scale-Revised). In support of her sub- 
jective complaints of memory difficulties, the memory ex- 
amination revealed deficits in both verbal and nonverbal 
memory. There were severe impairments on measures of 
word list learning and retention (California Verbal Learn- 
ing Test) and on recognition of recurring nonverbal stim- 
uli (Continuous Visual Memory Test). Her performance on 
measures of both verbal and nonverbal concept formation 
(Verbal Concept Formation Test and Wisconsin Card Sort- 
ing Test) was also impaired. The sensory-perceptual ex- 
amination revealed bilateral errors of graphesthesia and 
finger agnosia. The most significant perceptual abnormal- 
ity was noted ona measure of stereognosis, which revealed 
left-hand errors and markedly prolonged response times. 
There was some indication of greater right hemisphere 
dysfunction (relative asymmetry of IQ scores and left-hand 
stereognosis errors). These findings are consistent with the 
left extensor plantar reflex as well as the MRI findings. 

Magnetic resonance imaging of the brain was repeated 
in November 1991 (6 weeks after the patient’s presentation 
to Ohio State) and showed an increase in white matter le- 
sions bilaterally in the periventricular and centrum semi- 
ovale regions compared with the previous study (Figure). 
The patient has repeatedly refused to undergo cerebral 
angiography and a second lumbar puncture for cerebrospi- 
nal fluid examination. 


COMMENT 


Our patient presented with the subacute onset of neuro- 
logic symptoms and diffuse white matter lesions on MRI 
coincident with the development of EMS. Her neurologic 
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features and eosinophilia both initially responded to treat- 
ment; however, an exacerbation of neurologic symptoms 
associated with a recurrence of her peripheral eosinophilia 
occurred when treatment with hydroxyurea was discon- 
tinued. In addition, she developed progressive cognitive 
dysfunction and increased white matter involvement on 
subsequent MRI scans. We believe this to be the first 
reported case of progressive CNS involvement associ- 
ated with EMS with documented neuropsychological 
abnormalities. 

Although the general features of EMS have been well 
described since initial reports of an epidemic in the United 
States, only sporadic reports of CNS involvement have 
appeared. Tolander et al described a patient with 
monophasic CNS involvement as the initial complaint. 
Corticosteroid therapy and withdrawal of L-tryptophan 
was followed in this patient by diminution of white mat- 
ter lesions that had the appearance of small infarcts on 
follow-up MRI after 5 months. The cognitive function of 
this patient was not described. 

Several additional patients with encephalopathy have 
been briefly described. In the series of Martin et al, a 47- 
year-old recovering alcoholic developed confusion and 
memory deficits without focal signs. Magnetic resonance 
imaging showed high-signal white matter lesions in both 
cerebral hemispheres. Prednisone therapy was accompa- 
nied by partial improvement in concentration and mem- 
ory. Two additional patients developed unspecified CNS 
signs more than 1 year after normalization of peripheral 
eosinophilia by corticosteroid therapy. Magnetic reso- 
nance imaging revealed unilateral centrum semiovale 
lesions in one patient and a focal 1-cm lesion in the left pons 
in the second patient. Another recent descriptive study of 
47 patients with definite EMS reported seizures in 9%.° 

The New York State Department of Health recently con- 
ducted a survey of surviving patients with EMS that iden- 
tified a high prevalence of self-reported changes in mental 
status.° 

Specific cognitive problems reported included difficul- 
ties with concentration (63%), logical thought (52%), and 
short-term memory (42%). At least half the patients 
reporting these symptoms at some point in their illness 
thought that they were still present at a median 16 months 
after the onset of illness. These high prevalence estimates 
of cognitive symptoms, although not based on objective 
evaluation such as neuropsychological tests, have not been 
reported elsewhere. 

Our patient’s neuropsychological evaluation demon- 
strated a broad pattern of cognitive motor and sensory 
deficits. Abnormalities of nonverbal measures were con- 
sistently greater than those of verbal measures. The most 
prominent deficits were observed in learning and recall 
despite a normal auditory attention span. Studies of 
stereognosis demonstrated impaired callosal transmission 
that was out of proportion to her mild sensory deficits. This 
pattern of deficit is consistent with a diffuse multifocal 
subcortical process. 

The pathogenesis of EMS remains unknown, although 
many potential mechanisms of tissue injury have been 
postulated. Proposed mechanisms of neurotoxicity in- 
clude: (1) toxic effects of a contaminant,’ (2) toxic effects of 
L-tryptophan or metabolites,* (3) damage caused by prod- 
ucts of eosinophil degranulation or cytolysis,’ and (4) 
damage caused by inflammation and cytokine release." 

Given the similarities between EMS and idiopathic hy- 
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pereosinophilic syndrome, considerable attention has been 
given to a direct role for eosinophils in mediating tissue 
damage. Indeed, neurotoxicity has been attributed to sev- 
eral constituents of eosinophilic granules, including major 
basic protein, eosinophilic cationic protein, and 
eosinophil-derived neurotoxin.”'' Major basic protein is 
known to damage endothelial cells and may cause throm- 
bosis and microangiopathy.'? Experimentally, intracere- 
bral injection of eosinophil products has been reported to 
cause ataxia, spastic paralysis, and other CNS dysfunction 
in animals.’ A direct eosinophil-mediated mechanism 
seems unlikely, however, given the paucity of eosinophils 
often found in skin, muscle, and nerve biopsy specimens 
from these patients.*’* Postmortem examinations of brain 
from patients with EMS have not yet been published. 

An alternative hypothesis is that L-tryptophan or its 
metabolites may play a direct pathogenetic role.* The deg- 
radation of dietary tryptophan produces small amounts of 
indole and 5-hydroxytryptophan, but the major pathway 
is to N-methylnicotinamide via kynurenine and quinolinic 
acid. Quinolinic acid may act as an excitotoxin through its 
action as an agonist to the N-methyl-D-aspartate receptor. 
Intracerebral injection of quinolinic acid has been demon- 
strated to produce axon-sparing lesions.'* Plasma levels of 
L-kynurenine and quinolinic acid are elevated in patients 
with active EMS,” and some studies suggest that patients 
with EMS and scleroderma metabolize tryptophan abnor- 
mally." Interestingly, elevation of quinolinic acid levels in 
cerebrospinal fluid correlates with the presence and se- 
verity of cognitive dysfunction in patients infected with 
human immunodeficiency virus type 1.” However, it is 
possible that elevation of quinolinic acid levels may repre- 
sent a nonspecific marker of immune activation. As with 
other theories, a direct toxic effect of tryptophan would not 
explain the continued progression of muscle symptoms in 
many patients after the discontinuation of L-tryptophan 
therapy. In addition, the decade of uneventful use of 
L-tryptophan prior to the EMS epidemic also argues 
against a direct effect of L-tryptophan. 

The explosive nature of the EMS epidemic and the rela- 
tionship of cases to ingestion of L-tryptophan from specific 
suppliers focused early attention on a possible role of toxic 
contaminants. This hypothesis seems particularly appeal- 
ing, since constituents of the L-tryptophan product have 
recently been shown to induce eosinophil differentiation 
and interleukin 6 production.'* While several contami- 
nants have been detected by high-performance liquid 
chromatography,’ the pathogenetic significance of these 
contaminants has not yet been proved by animal studies. 
r- Although a contaminant may precipitate the disease pro- 
cess, additional mechanisms must be considered in our 
patient to explain the progression of disease after discon- 
tinuation of L-tryptophan therapy. 

Recent histologic studies suggest that the development 
of tissue damage in EMS is caused by both humoral and 
cellular autoimmune mechanisms." A toxic L-tryptophan 
contaminant or metabolite may bind tissue as a hapten, 
rendering it immunogenic. Eosinophils are capable of 
stimulating lymphocytes by initiating antigen-specific im- 
mune responses.” Quantitative immunocytochemical 
analysis of muscle and fascia specimens from patients with 
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EMS demonstrated mononuclear cell infiltrates composed 
predominantly of activated T cells and macrophages, im- 
plicating a cell-mediated effector mechanism.” While the 
pathogenesis of EMS appears to be multifactorial, the ini- 
tial response of our patient’s symptoms to intravenous 
methylprednisolone therapy suggests that the host im- 
mune response may be of primary etiologic importance in 
damage to the CNS in patients with EMS. 

In summary, we present the first case (to our knowledge) 
of a patient with EMS causing progressive CNS white 
matter lesions with definable intellectual impairments. 
Detailed neuropsychological and neuroradiological test- 
ing in additional patients with EMS should help to deter- 
mine whether these findings are typical for patients with 
EMS in general. 


This study was supported in part by the Muscular Dystrophy As- 
sociation, Tucson, Ariz. 
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Longitudinal Neurophysiologic Studies in a Patient 
With Metachromatic Leukodystrophy 
Following Bone Marrow Transplantation 


Anil Dhuna, MD; Camilo Toro, MD; Fernado Torres, MD; William R. Kennedy, MD; William Krivi, MD, PhD 


e We describe a girl with late infantile metachromatic leu- 
kodystrophy. The patient has been followed up with serial 
neurologic and neurophysiologic examinations for 8 years 
following bone marrow transplantation, which she under- 
went when she was 4°/4 years old. Her older sister died from 
metachromatic leukodystrophy at the age of 8 years, 
whereas our patient has retained significant cognitive and 
motor skills. Serial neurophysiologic studies initially dem- 
onstrated continued deterioration after the bone marrow 
transplantation, but since then, most results have remained 
stable or improved. Although, to our knowledge, there have 
been no previous serial studies of metachromatic leukodys- 
trophy, individual case studies suggest that these findings in 
our patient are very unusual. With the advent of possible 
treatment for this condition, there is a need for further se- 
rial neurophysiologic studies to characterize the natural 
progression and the possible detection of progression or re- 
versal with treatment. 
(Arch Neurol. 1992;49:1088-1092) 


ppi eorom leukodystrophy (MLD) is a recessively 
inherited disease with progressive degeneration of 
myelin. Deficiency of the lysosomal enzyme cerebroside 
sulfatase is the basic metabolic abnormality. Failure of ca- 
tabolism of the substrate, sulfate ester of galactose cere- 
broside, results in its accumulation in various tissues (eg, 
brain, peripheral nerve, kidney, liver, and gall bladder) 
and in excessive excretion of sulfatide in the urine. The ab- 
sence or decreased activity of arylsulfatase A in white cells, 
fibroblasts, and urine allows for a biochemical diagnosis. 
Further confirmation is obtained by the failure of cultured 
fibroblasts to catabolize exogeneous added sulfatide. 
Three forms of MLD have been differentiated according 
to the age of onset: late infantile, juvenile, and adult.' The 
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juvenile form has been further differentiated into early and 
late forms because of differences in symptoms and pathol- 
ogy.’ The late infantile form has a relatively predictable 
inexorable course,’ whereas the others vary in phenotypic 
expression both within and between families.*° 

Although the manifestations of the disease vary accord- 
ing to subgroup, the characteristic course in late infantile 
MLD consists of progressive decline in cognition and 
central/peripheral motor dysfunction leading to quadri- 
paresis. The eventual outcome is death within a few years 
of the appearance of the first symptoms. 

Bone marrow transplantation (BMT) has been shown to 
correct the enzymatic deficiency. We know of eight pa- 
tients with MLD whose transplants have been successful 
long enough for the benefits of BMT on neurologic man- 
ifestations to be assessed.° In two patients there has been 
stability of intellect 3 and 5 years after transplantation and 
a slowing of the anticipated rate of degeneration in the 
others.” However, none of the patients have been cured, 
nor has damage that was done prior to transplantation 
been reversed. Bone marrow transplantation has been 
performed in asymptomatic but biochemically identified 
younger siblings in two families, and results are encour- 
aging to date. 

We describe a girl with late infantile MLD who under- 
went BMT 8 years ago. The patient shows evidence of sta- 
bilization of her disease, with possible isolated areas of 
improvement. We have given her detailed serial neuro- 
physiologic examinations, which, to our knowledge, rep- 
resent the most complete documented longitudinal neu- 
rophysiologic follow-up study of MLD to date. As more 
treatment options become available, there is increased 
need for similar studies for earlier detection of subclinical 
onset, progression, or reversal. 


REPORT OF A CASE 


The patient was the product of a normal pregnancy and 
vaginal delivery. Her 4-year-old sister had been diagnosed 
with MLD. The patient’s leukocyte arylsulphatase A level was 
9.4 nmol/mg of protein per hour at birth, consistent with a ho- 
mozygous state of MLD. After normal initial development, the 
patient developed an abnormal gait when she was 13 months old. 
By the age of 3 years, she also had dysarthria and an intention 
tremor. Her nerve conduction velocity (NCV) values were normal 
at the age of 35 months, but subsequently declined prior to trans- 
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Fig 1.—This figure shows the nerve conduction velocities of the left up- 
per (top) and lower (bottom) extremities plotted against age (from 35 to 
127 months of age). The bone marrow transplantation (BMT) was per- 
formed at 57 months, and the engraftment was completed by 60 months, 
as indicated by the arrow in this and subsequent figures. The normal 
values for each test are noted to the left of the continuous graph in this 
and subsequent figures. 


plantation. The onset and progression of her symptoms to this 
stage were identical to those of her affected sister. When she was 
43⁄4 years old, after consent from the Human Subjects Committee, 
a BMT was performed. The donor was her HLA-matched normal 
younger sister. The BMT regimen included bone marrow sup- 
pression with cyclophosphamide and busulfan and prophylaxis 
with methotrexate, prednisone, and antithymocyte globulin. 
Complete engraftment was achieved, with restitution of normal 
arylsulphatase A levels for the past 8 years. 

The magnetic resonance images of the brain, first obtained 
when the patient was 5 years old, demonstrated widespread ar- 
eas of a prolonged T, signal in the deep and paraventricular white 
matter of both hemispheres, consistent with the diagnosis of 
MLD. Magnetic resonance imaging scans have been performed 
every year since the BMT and have shown a remarkable degree 
of stability with some lessening of the intensity of the T signals 
in the white matter and no atrophy or ventricular dilatation. 

The neuropsychological studies showed a decrease in the pa- 
tient’s IQ, along with a lack of new learning skills, from the ages 
of 4 to 6 years. Since she was 8 years old, her Wechsler verbal IQ 
_ has remained stable in the 80 range. She reads and comprehends 
at a normal level now at 12% years of age. She attends regular 
school and uses a computer. 

She exhibits dysarthric speech, bilateral dysmetria, intention 
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Fig 2.—This figure shows the compound muscle action potential ampli- 
tude (CMAP) in the left upper (top) and lower (bottom) extremities plot- 
ted against age (from 35 to 127 months of age). BMT indicates bone 
marrow transplantation. 


tremor, and a wide-based ataxic gait. The findings of neurophys- 
iologic testing were compatible with the presence of a static pat- 
tern of deficits. This was in marked contrast to her older sister, 
who had become vegetative by the age of 6 years and who died 
at the age of 8 years. 

Following the BMT, the patient underwent serial NCV and 
evoked potential studies (somatosensory evoked potentials 
[SSEPs], brain-stem auditory evoked responses [BAERs],visual 
evoked responses [VERs]), and electroencephalography (EEG). 


METHODS 


Serial NCV tests were performed by the same investigator 
(W.R.K.). The left median and ulnar nerves were stimulated at the 
wrist and above the elbow. The largest amplitude of the com- 
pound muscle action potential (CMAP) was recorded, using 
6-mm tin surface electrodes positioned over the motor point of the 
thenar eminence and abductor digiti minimi, respectively, with 
the indifferent electrode 3 cm distal. Similarily, the CMAP was 
recorded from the extensor digitorum brevis and the abductor 
digiti minimi in the foot, following proximal and distal stimula- 
tions of the peroneal and tibial nerves, respectively. 

The BAER studies were performed according to the recom- 
mended guidelines (American EEG Society, 1986). Silver elec- 
trodes were attached to the scalp with collodion, filled with elec- 
trode gel, applied to the ipsilateral (Ai) and contralateral (Ac) ear 
lobes, and referred to a vertex electrode (C,). Electrode impedance 
was maintained below 3 kQ.. The stimuli were 85-dB hearing level, 
100-microsecond alternating clicks at a rate of 11.1 Hz, with 40-dB 
masking to the contralateral ear. The analysis time was 10 milli- 
seconds, and the bandpass frequency used was 150 to 3000 Hz. 
Responses to 2000 stimuli were summated, and at a least two tri- 
als for each ear were made. Wave identification was based on ip- 
silateral and contralateral ear wave forms. 

The upper extremity SSEPs were recorded over the ipslateral 
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Fig 3.—This figure shows the brain-stem auditory evoked responses, 
with the latencies of waves I through IV, for the right (top) and left (bot- 
tom) ears (from 57 to 107 months of age). BMT indicates bone marrow 
transplantation. 


Erb’s point (EP) and the cervical spine, C-2 level, referenced to F,, 
and also from the contralateral postcentral somatosensory cortex 
2 cm posterior to C, and C; of the International 10-20 System (Cx 
and Cx), referenced to F,,, and to F,. Square-wave electrical pulses, 
100 microseconds in duration, were applied to the contralateral 
median nerve at the wrist, just above motor threshold, at a rate 
of 5.1 Hz, and the responses to 1024 stimuli were averaged. Sim- 
ilarily, lower extremity SSEPs were recorded over lumbar spine, 
L-1 level, referenced to L-3, C-2 cervical spine and C,, referenced 
to F,, and contralateral C;/,, referenced to ipslateral C-3'/4'. The 
electrical stimulation applied to the posterior tibial nerve at the 
ankle was of 200-microsecond duration and ata rate of 4.1 Hz. The 
bandpass used for all SSEPs was 30 to 3000 Hz. 

Before the patient was 5 years old, flash VERs were recorded 
in response to monocular flash stimulation. After she was 5 years 
old, with the degree of visual fixation possible by the patient, we 


-were able to be obtain pattern reversal VERs. The stimulus was 
= a monocular black-and-white television checkerboard pattern 


with a 30-minute visual angle check size that reversed at 1.7 Hz. 

The analysis time was 250 milliseconds, and 100 repetitions were 
averaged. The VERs were recorded from silver electrodes at O,, 
O, and O; referenced to F.,. 

The EEG was recorded from 21 scalp electrodes according to the 
International 10-20 System electrode positions, with all electrodes 
at an impedance of less than 3 kQ and a bandpass of 1 to 70 Hz. 
Recordings were performed both with bipolar and referential 
montages, with a common average reference. Activation proce- 
dures with hyperventilation and photic stimulations were also 
performed whenever possible. 


DATA ANALYSIS 


The latency and the amplitude of the major peaks of the BAERs 
were analyzed, the absolute latencies of waves I to V were mea- 
sured, as well as the amplitude, and then the interpeak latency of 
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Fig 4.—Upper extremity somatosensory evoked responses, with the la- 
tencies of Erb’s point (EP), N19, and P23, for the left (top) and right (bot- 
tom) arms (from 58 to 127 months of age). BMT indicates bone marrow 
transplantation. 


waves Í to III and III to IV were calculated and compared with the 
normal values of our laboratory. 

For the median nerve SSEP studies, the absolute latency and 
amplitude of the major negative peak of the potential at EP, the 
response over the cervical spine (N13), and the two cortical peaks 
(N19 and P23) were determined. the interwave latency was cal- 
culated for EP-N13, N13-N19, and EP-N19. For the posterior tib- 
ial nerve, the amplitude and latency of the lumbar point (LP), 
cervical response (N), and initial positive peak cortical response 
(N/P37), as well as their calculated interpeak latencies (LP-N, 
N-N/P37, and LP-N/P37), were determined and evaluated in 
comparision with our normal values. 

The latency and amplitude of the P100 VER were measured, 
and compared with the normal values for our normal population 
for pattern VERs. 

An experienced electroencephalographer reviewed the EEGs 
and commented on background frequencies, asymmetry, reac- 
tivity, activation, and abnormal discharges. 


RESULTS 


When our patient was 35 months old, her NCV was nor- 
mal for age for the left ulnar, peroneal, and tibial nerves and 
borderline for the left median nerve (Fig 1). By the time she 
was 4% years old, at the time of the BMT, the NCVs were 
markedly slowed in all nerves tested, with values near 30 
m/s in the upper extremities, and 25 m/s in the lower ex- 
tremities (Fig 1). These values were similar to those of her 
sister at the age of 4 years. After the BMT, the NCVs of our 
patient further declined over approximately 20 months, af- 
ter which they remained stable at just above 20 m/s in the 
upper extremities and just below 20 m/s in the lower ex- 
tremities (Fig 1). The amplitude of the CMAP was subject 
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Fig 5.—Patterned visual evoked responses, with the latency of P100, for 
the left and right eyes (from 62 to 127 months of age). The latest visual 
evoked response testing has shown a complete reversal of the P100 la- 
tency with the right at 98.5 msec and the left at 109 msec.BMT indicates 
bone marrow transplantation. 


to a significant degree of intrapatient variability, but the 
median CMAP, which was abnormal at the time of the BMT, 
appeared to be increasing in amplitude (Fig 2, top). Nosuch 
trend was evident in the lower extremities (Fig 2, bottom). 
Sensory conduction of the left median nerve was measured 
biannually. Forearm conduction was 42 m/s at the age of 
4⁄2 years, declined to 33 m/s by the age of 6 years, and sub- 
sequently has remained between 27 and 30 m/s. The distal 
evoked nerve action potential was initially 20 pV. More re- 
cent values were between 30 and 40 pV. We have never suc- 
ceeded in obtaining sural nerve action potentials. 

The latency of wave I in the BAERs remained stable af- 
ter transplantation at a value close to the upper limit of 
normal controls (Fig 3). Waves II and III, which were pro- 
longed just prior to the BMT, did not deteriorate further. 
Wave IV latency was markedly prolonged before the BMT, 
and continued to deteriorate after the BMT, but later 
showed slowing of decline and possible improvement. 
Wave V progressively lost resolution and eventually dis- 
- appeared when the patient was approximately 7 years old. 
A low-amplitude wave V reappeared in the evaluations 44 
months after the BMT. Otherwise, the waveform appear- 
ance and amplitude of the BAERs had remained un- 
changed. The patient's sister had one evaluation at the age 
of 4 years, when both wave I and all interpeak latencies 
were markedly prolonged. 

A prolonged I-III interpeak interval did not change sig- 
nificantly. Due to the loss of wave V during the observa- 
tion period, the I-IV interpeak interval was chosen for 
analysis instead of the conventional I-V interval. The I-IV 
interpeak interval has worsened over time, but the rate of 
deterioration may be lessening. 

The median nerve SSEPs were normal until the patient 
= was 67 months old, when the latency of the central path- 
way became progressively prolonged (Fig 4). Central con- 
duction, as determined by the N13-N19 interpeak latency, 
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worsened until the patient was 124 months old, when there 
was a slight improvement in the left median SSEPs. The 
peripheral pathway, as determined by absolute latency to 
the EP, did not become abnormal until she was 85 months 
old. This increase in latency of the potential at EP was more 
than would be expected from maturation changes and 
growth of the patient. There was failure to obtain lower 
extremity SSEP with stimulation of the posterior tibial 
nerves when she was first tested at the age of 85 months, 
and has failed to appear on follow-up testing. 

The flash VERs were normal before the age of 5 years. 
Pattern VERs were first tested 7 months after the BMT and 
demonstrated symmetrical markedly delayed P100 laten- 
cies (Fig 5). With increasing age, the P100 latency contin- 
ued to increase, more in the left eye (Fig 5). 

The EEG from the age of 60 to 117 months was essentially 
normal, other than slightly increased beta and delta activ- 
ity in the posterior quadrants bilaterally. 


COMMENT 


Information about neurophysiologic studies of patients 
with MLD is limited to reports of single studies on 
individual cases, with a lack of longitudinal follow-up 
studies. The patients described have had different ages of 
onset, durations, and severities of disease. We used this 
limited information, and the course followed by the 
patient’s affected sister, to estimate the probable progres- 
sion of disease in our patient had there not been interven- 
tion. 

The NCVs at the age of 4 years were comparable in our 
patient and her sister. Following the BMT the patient’s 
NCV slowed further. Since other studies suggest that 
NCVs are severely slowed in late disease,’ this may repre- 
sent the usual course in MLD. It has been suggested 
recently that NCVs may in fact remain stable at very slow 
velocities for many years in late MLD.° 

The peripheral neuropathy in MLD is initially marked 
by demyelination, explaining the severe effect on NCV. 
Although BMT may decrease the progression of MLD, it 
apparently does not permit remyelination to the degree 
necessary to increase NCV. 

The CMAPs demonstrated a large amount of variability, 
but there was no definite increase or decrease in CMAP 
size with serial studies (Fig 2, top). The patient underwent 
a needle electrode examination of the left tibialis anterior 
muscle at the age of 11 years. It demonstrated no fibrilla- 
tions, and the motor unit action potentials appeared nor- 
mal. The absence of acute denervation, the lack of the large 
potentials seen with collateral reinnervation, and the 
maintenance of CMAP amplitude and sensory nerve 
action potential suggest that there has been little axonal 
loss. The only evidence for axonal loss is the absence of 
sural nerve action potential, a remarkable feature for a- 
chronic neuropathy. 

Abnormalities in the BAERs may be present in the pre- 
clinical stage,’*'* with prolonged central conduction (de- 
layed I-III latency). Brown et al”? describe a prolongation 
of waveform latencies III-V, with the eventual loss of the 
IV and V components with the duration of MLD. The au- 
topsies have revealed auditory nerve demyelination and 
neuronal loss in auditory pathways in addition to wide- 
spread white matter degeneration.'*’” Other abnormalities 
documented include a delayed wave I, which may occur 
occasionally in isolation without central brain-stem dys- 
function on BAERs,”* thereby suggesting an isolated audi- 
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tory nerve involvement. In our case, the preservation of 
wave I, II, and III latencies and I-III interpeak interval in- 
dicates that there has been electrophysiologic stabilization 
at the level of the cochlea, auditory nerves, and lower 
pontine structures involved in the generation of the 
BAERs. These findings are contrasted with the increasing 
delay of waves IV and V, the prolongation of the interpeak 
I-IV interval, and the later loss of wave V, indicating pro- 
gressive dysfunction of auditory pathways at higher lev- 
els in the brain stem during the first 44 months after the 
BMT, although the decline was slow, and the natural 
course may have been altered for the better. After our pa- 
tient was 104 months of age, there was evidence of 
improvement, with a decrease in wave IV latency and the 
reappearence of wave V. The slowing of the predicted de- 
terioration and the later possible improvement in the 
BAERs offer some evidence that BMT may have exerted a 
benefical effect on the natural course of the disease when 
compared with the fulminant deterioration in our patient’s 
older sister. 

Somatosensory evoked potentials in the upper extrem- 
ities demonstrate prolongation of peripheral conduction 
(EP) after the age of 85 months, which is consistent with the 
peripheral neuropathy and the slowing of the NCVs. De- 
spite the BMT, our patient developed central delay, and 
continued to deteriorate. Whether there was a slowing of 
deterioration is unknown, since serial studies are not 
available in untreated MLD patients. Patients with late 
MLD who have undergone SSEP studies have either all 
waves absent, or all waves absent after EP. Our patient 
with preserved upper extremity somatosensory evoked 
potential suggests a beneficial outcome. Our patient ini- 
tially lost wave V but later regained it, suggesting a ben- 
efical outcome. 

Visual evoked responses are frequently normal in the 
early stages of MLD and become increasingly delayed with 
the progression of the disease.'* Our patient also demon- 
strated this progression earlier in her course, with a pos- 
sible plateau after the age of 10 years. The latest VER test- 
ing has shown a complete reversal from the trend seen in 
Fig 5. 

aie the course of our patient’s disease, her EEGs 
have remained remarkably unchanged, which is unusual, 
since it has been reported that with disease progression 
there is increasing delta slowing of the background.” 

Our patient demonstrated clinical stabilization follow- 
ing BMT. The results of the neurophysiologic tests were 
abnormal early in the course of her disease, despite only 
minimal clinical signs of developmental delay at the time. 
Serial tests all demonstrated deterioration, despite the 
normalization of enzymatic activity during the first 5 years 
after the BMT. Neurophysiologic testing is known to be 
sensitive to early dysfunction in MLD of the late infantile 
form, but the natural course of the neurophysiologic effects 
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of this disease, without therapeutic intervention, is uncer- 
tain. Our case suggests that these neurophysiologic stud- 
ies either do not improve or are delayed several years be- 
hind any clinical improvement. Further serial studies 
using batteries of standardized tests are required in cases 
of MLD, both with and without BMT, and are highly rec- 
ommended, beginning at a presymptomatic stage, for sib- 
lings of patients with MLD. 


This study was supported in part by grant 1 RO1 NS 29099 01, 
Control Study of the Value of Bone Marrow Transplantation for Stor- 
age Diseases, from the National Institute of Neurological Disorders 
and Stroke, National Institutes of Health, Bethesda, Md. 


References 


1. Kolodny EH. Sulfatide lipidosis: metachromatic leukodystrophy. In: 
Scriver CR, Beaudet AL, Sly WS, Valle D, eds. The Metabolic Basis of Inher- 
ited Diseases. 6th ed. New York, NY: McGraw-Hill International Book Co; 
1989:1721-1750. 

2. McKhann GM. Metachromatic leukodystrophy: clinical and enzymatic 
parameters. Neuropediatrics. 1984;15:4-10. 

3. MacFaul R, Cavanagh N, Lake BD, Stephens R, Whitfield AE. Met- 
achromatic leucodystrophy: review of 38 cases. Arch Dis Child. 1982:57: 
168-175. 

4. Clarke JT,Skomorowski MA, Chang PL. Marked clinical difference be- 
tween two sibs affected with juvenile metachromatic leukodystrophy. Am J 
Med Genet. 1989;33:10-13. 

5. Philippart M, Nuwer MR, Packwood J. Presymptomatic adult-onset 
metachromatic leukodystrophy (MLD): electrophysiological and clinical 
correlations. Neurology. 1990;40:128. 

6. Krivit W, Shapiro EG, Lockman L, et al. Recommendations for treatment 
of metachromatic leukodystrophy by bone marrow transplantation based on 
a review of seven patients who have been engrafted for at least 1 Year. In: 
Hobbs JR, ed. Westminster Medical School Symposium on BMT Treatment 
of Congenital Deficiencies: COGENT Il. London, England: Westminster 
Trust;1991. 

7. Bayever E, Ladisch S, Brill N, et al. Bone marrow transplantation for 
metachromatic leukodystrophy. Lancet. 1985;2:471-473. 

8. Ladisch S, Bayever E, Philippart M, Feig SA. Biochemical findings after 
bone marrow transplantation for metachromatic leukodystrophy: a prelimi- 
nary report. In: Krivit W, Paul NW, eds. Birth Defects: March of Dimes Orig- 
inal Article Series. New York, NY: Alan R Liss Inc; 1986;22:69-76. 

9. Krivit W, Shapiro EG. Bone marrow transplantation for storage diseases. 
In: Desnick RJ, ed. Treatment of Genetic Diseases. New York, NY: Churchill 
Livingstone Inc; 1991:203-221. 

10. Krivit W, Lipton ME, Lockman L, et al. Prevention of deterioration in 
metachromatic leukodystrophy by bone marrow transplantation. Am J Med 
Sci. 1987;294:80-85. 

11. Krivit W, Shapiro E, Kennedy W, et al. Treatment of late infantile me- 
tachromatic leukodystrophy by bone marrow transplantation. N Engl J Med. 
1990;322:28-32. 

12. Shapiro EG, Lipton ME, Krivit W. White matter dysfunction and its 
neuropsychological correlates: a longitudinal study of a case of metachro- 
matic leukodystrophy treated with bone marrow transplant. J Clin Exp Neu- 
ropsychol. 1992;14:610-624. 

13. Brown FR, Shimizu H, McDonald JM, et al. Auditory evoked brainstem 
response and high-performance liquid chromatography sulfatide assay as 
early indices of metachromatic leukodystrophy. Neurology. 1981;31:980- 
985. 

14. De Meirleir LJ, Taylor MJ, Logan WJ. Multimodal evoked potential 
studies in leukodystrophy of children. Can J Neurol Sci. 1988;15:26-31. 

15. Ochs R, Markland ON, DeMyer WE. Brainstem auditory evoked re- 
sponses in leukodystrophies. Neurology. 1979;29:1089-1093. 

16. Khateeb IE, Razzak BA, Moosa AM. Auditory brainstem responses 
(ABR) in children with neurological disorders. Brain Dev. 1988;10:243-248. 

17. Blom S, Hagberg B. EEG findings in late infantile metachromatic and 
globoid cell leukodystrophy. Electroencephalogr Clin Neurophysiol. 1967; 
22:253-259. 


Metachromatic Leukodystrophy—Dhuna et al 


> 


as i 


Classified Advertising 


All classified advertising orders, correspondence and payments should be directed to: Archives of Neurology, P.O. Box 1510, Clearwater, 
Florida 34617. Our telephone numbers are: 800-237-9851; 813-443-7666. Please do not send classified ads, payments or related 
correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about "BOX NUMBER" advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
, c/o AON, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Neurology. 


Box 








CLASSIFIED 
INFORMATION 


Regular Classified 1 Time 3 times 

or more” 
Cost per word $1.05 $ .95 
Minimum ad: 20 words per issue 


‘In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered one 
word, and figures consisting of a dollar sign and 
five numerals or less are considered one word. 
Cities and states consisting of two words or 
more are counted as one word: i.e., "New York" 
and "Salt Lake City". Zip code is considered one 
word and must appear in all ads. Telephone 
number with area code is considered one word. 
When box numbers are used for replies, the 
words "Box c/o AON" are to be counted as 
three words. 





Classified Display 1 Time 3 times 

or more” 
Full page $557 $501 
Two-thirds page 476 428 
One-half page 421 379 
One-third page 334 301 
One-sixth page 223 201 
Column inch 65 55 


Minimum display ad: one column inch 
12-time and 24-time rates available on request. 


Display Production Charge: The publication will 
pub-set advertisements upon request. The 
typesetting fee is 10% of the one-time ad cost 
shown above. Special requests will be billed to 
the advertiser and/or agency at the then prevailing 
rates. 


Box Service 


Available for all ads. The cost is $20.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly mailed 
directly to you. 


Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled after 
the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


ARCHIVES 
Neurology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
800-237-9851 @ 813-443-7666 


Professional Opportunities 


WISCONSIN: One of Money Magazine's most livable 


cities. Outstanding opportunity for BC/BE neurologist 
to join a successful, unique, two specialty group of 
four neurologists and three physiatrists in Green Bay, 
Wisconsin. This well established practice includes a 
full spectrum of adult neurology with complete 
neurodiagnostic and imaging services. Background in 
EEG, EP, and EMG is desired. Competitive salary 
plus benefits and incentives with full partnership 
available. Send CV to: Robert Hackbart, 
Administrator, Neurology & Rehabilitation Associates, 
Ltd., 720 South Van Buren Street, Green Bay, WI 
54301. Or call (414) 436-7100. 


EMERALD COAST: The Medical Center Clinic, a 
140-physician multi-specialty physician owned 
regional referral center, is seeking a BE/BC 
neurologist to join our busy six-person Neurology 
Department. Specialty interest, particularly in neuro- 
oncology or headache treatment is desirable but not 
necessary. The campus includes adjacent hospital, 
rehabilitation, cancer and psychiatric centers. Located 
on the Gulf of Mexico, Pensacola offers miles of white 
beaches, a nearby university, recreational and 
cultural amenities, and a low cost of living. Please 
send your CV to: Bayard Miller, MD, Medical Center 
Clinic, 8333 North Davis Highway, Pensacola, FL 
32561. 


CHILD NEUROLOGIST — OSHKOSH, WISCONSIN. 
Well established neurology group is recruiting child 
neurologist for busy practice. Competitive salary 
productivity bonus, and fringe benefit package. 
Partnership status available after two years. Oshkosh 
is an attractive community of 55,000 people, located 
on the shores of Lake Winnebago and in the heart of 
Wisconsin's beautiful Fox River Valley (metro 
population of 400,000). University of 12,000 students. 
Send CV to: Christopher Kashnig, Mercy Medical 
Center, 631 Hazel Street, Oshkosh, WI 54902. Or call 
(414) 236-2430 or (800) 242-5650, Extension 2430. 
FAX (414) 231-5677. 


EXCELLENT OPPORTUNITY in growing academic 
neurology department for energetic BC/BE 
neurologist with expertise in neuromuscular disease 
and EMG. Direct the EMG lab in a busy academic 
hospital with up to 100 EMG's per month, affiliated 
with Muscular Dystrophy clinic. Take an active role in 
teaching neurology residents and students. Time and 
opportunity to develop research and clinical interests 
with salary commensurate with experience. Send CV 
and letters of reference to: John M. Bertoni, MD, 
PhD, Chairman of Neurology, Creighton University, 
601 North 30th Street, Omaha, NE 68131-2197. 
(402) 280-4686. Equal Opportunity Employer. 


PEDIATRIC NEUROLOGIST: BC/BE pediatric 
neurologist to join established, 120-physician multi- 
specialty clinic located in beautiful northwest 
Arkansas. Holt-Krock Clinic, the 28th largest free- 
standing clinic in the nation, serves a patient base of 
400,000 in Arkansas and Oklahoma. No other 
pediatric neurologist within 100-mile radius. We offer 
a guaranteed salary with full partnership in 2 to 21/2 
years, plus excellent fringe benefits. 680-bed hospital 
and new rehab hospital two blocks from main clinic. 
Must be willing to share call with adult neurologist, do 
testing consisting of EEG, EMG, evoked response, 
and cervical vascular ultrasound procedures. For 
details regarding this opportunity, send letter and CV 
to: Josephine Decker, Associate Administrator, Holt- 
Krock Clinic, 1500 Dodson Avenue, Fort Smith, AR 
72901. (501) 782-2071. 


PLEASE NOTE -— Address replies to box number 
ads as follows: Box number ——— — , c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 





Professional Opportunities 


NEUROLOGIST: Excellent opportunity for board- 
certified/board-eligible neurologists to join two 
existing neurologists in a stimulating, busy practice. 
Marquette General Hospital is a 397-bed regional 
referral center, with a comprehensive neurophsi- 
ology department and state-of-the-art technology 
that includes magnetic resonance imaging and CT 
scanning, and a hospital-based family practice 
residency. Medical students from Michigan State 
University's College of Human Medicine are regu- 
larly assigned to the hospital and offer an opportuni- 
ty for teaching. Marquette General Hospital and its 
medical staff are committed to building a center of 
excellence in the neurosciences and have the 
necessary financial resources. The development of 
these services will require the leadership and co- 
operation of physicians in the field of neurology, 
neurosurgery, psychiatry, physical medicine and 
rehabilitation. Salaried and private practice positions 
are available. If this special opportunity is of interest 
to you, please send CV to: Robert J. Raica, 
Marquette General Hospital, 420 West Magnetic 
Street, Marquette, MI 49855. 


NEUROLOGIST 


Offering exceptional opportunity for 
a BE/BC to develop and coordinate 
neurology services in market area 
of 90,000 plus. Strong demand for 
services by community physicians. 
Progressive hospital with excellent 


radiology and physical therapy 
services including CT, EMG and EEG. 
True quality of life in midwestern 
community with immediate access to 
metropolitan area. 


Send CV to: 
Box #850, c/o AON 





GENERAL NEUROLOGIST available immediately — 
Ochsner Clinic, New Orleans, the preeminent, multi- 
specialty group practice and international referral 
center in the Gulf South seeks board-certified/board- 
eligible neurologist. The Ochsner Clinic has over 350 
physicians. The neurology service is affiliated with the 
Tulane University Neurology Department and our staff 
have clinical appointments at Tulane University. The 
neurology service has teaching responsibilities at the 
Ochsner Foundation Hospital (550-bed) for Tulane 
Neurology residents and medical students. Ochsner 
Clinic offers physicians a very competitive salary and 
liberal compensation package. Please send CV to: 
Ochsner Clinic, Dr. Richard Strub, Chairman of 
Neurology, Physician Recruiting, 16777 Medical 
Center Drive, Ref. #A4 NEURO, Baton Rouge, LA 
78016. Or call: (800) 488-2240 for further information. 
FAX: (540) 753-2309. 


VIRGINIA — We are seeking a personable, clinically- 
oriented, BC/BE neurologist to join a group of four 
neurologists located in the Shenandoah Valley. 
Clinical experience in EMG, EEG, Doppler, CT and 
MRI desirable. 400-bed hospital with full neuro- 
diagnostic laboratory and CT/MRI imaging center. 
Send cover letter describing yourself and copy of 
your CV to: Winchester Neurological Consultants, 
125-A Medical Circle, Winchester, VA 22601. 
Attention: G. Steele. 


CHARLOTTE, NORTH CAROLINA: High quality 
group of five neurologists all of whom are 
subspecialized, seeks to add another well-trained 
neurologist. Contact: Fred Pfeiffer, MD, 1900 
Randolph Road, Suite 1010, Charlotte, NC 28207. 
Or call: (704) 334-7311. 
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-= Professional Opportunities 


Excellent opportunity for board-certified/ 
board-eligible neurologist to join rapidly 
expanding practice of two neurologists in 
the Piedmont area of North Carolina. Full 


time position with partnership possibility 
after two years. Send CV to: 
Box #849 c/o AON 


PEDIATRIC NEUROLOGIST wanted to join two BC 
adult neurologists in the Rocky Mountain region. The 
community is located on the western slope of 
Colorado. Excellent recreational opportunities are 
available. Salary negotiable. Send CV to: Dr. Neal 
Gilman, 2530 North 8th Street, #206, Grand Junction, 
CO 81501. Or call (303) 243-9180. 





CHARLOTTE, NORTH CAROLINA: Neurologist 
BC/BE with interest or experience in neurorehab- 
ilitation to join three person group emphasizing 
general neurology, general rehabilitation, and pain 
rehabilitation programs. Respond with CV to: 
Ronald C. Demas, MD, 2115 East 7th Street, 
Charlotte, NC 28204. Or call (704) 372-3714. 


NORTHERN NEW JERSEY 
Immediate position available for BE/BC 
adult neurologist to replace a retiring 
partner in well-established and busy three 
person neurology practice. Exceptional 
opportunity leading to partnership. 


Proficiency in EMG/EEG needed and 
experience in U/S preferred. Excellent 
supporting services available. Within easy 
reach of Manhattan and near good 
suburban living and schools. 


Please reply with CV to: 
Box #851, c/o AON 





































Southern Coast 


of Maine 


Adult or child BC/BE neurologist to join 
solo neurologist in private practice. This 
rapidly growing practice is located in an 
outstanding area which hosts the 
summer “white house”. With communi- 
ty schools rated among the top school 
systems in the country, the area also has 
many outdoor recreational pursuits. 
Water sports (lake or ocean sailing, 
windsurfing, kayaking, canoeing, fish- 
ing, deep sea fishing, whale watching) 
and mountain hiking, biking, skiing and 
snowboarding are close by. Private 
residences are located in unspoiled 
developments or secluded areas along 
the unparalleled beauty of the Southern 
Maine Coast with its lighthouses, quaint 
fishing villages, and home to craftsmen 
and artists. Located 25 minutes from 
Portland, which has an international 
airport, symphony and other cultural 
opportunities and an hour and a quarter 
from Boston, this unique practice is 
supported by state-of-the-art electrodi- 
agnostic (EMG, Evoked Potential, EEG) 
and neuroradiologic equipment (CT, 
MRI, Doppler) with a large referral base. 
Salary and benefits with partnership 
option based on qualifications. Send CV 
and three references to: 
Mitchell K. Ross, MD 
Park 111 Professional Building 
407 Alfred Road 

Biddeford, ME 04005 








- Positions Available 


EPILEPTOLOGIST — The Comprehensive Epilepsy 
Care Center for Children and Adults is seeking an 
additional adult or pediatric epileptologist. The 
program includes an eight bed epilepsy monitoring 
unit, seizure surgery, and drug studies, as well as an 
active clinical practice. Fellowship required. Send CV 
to: William E. Rosenfeld, MD, Director, 222 South 
Woods Mill Road, Suite 610 N, St. Louis, MO 63017. 
Telephone: (314) 453-9300. 


EXCELLENT OPPORTUNITY 


for BC/BE neurologist to practice at Allegheny General 
Hospital in Pittsburgh, Pennsylvania. Opening for July 
1993 for private practice with geographic full-time 
appointment to the Medical College of Pennsyivania. 
Teaching and research opportunities with fully accred- 


ited residency in Neurology. Subspecialty in movement 
disorders or neuro-oncology preferred but not required. 
Subspecialty certification in EMG/muscle disease is 
highly desirable. 


Inquire to Jon Brillman, MD or forward CVs to: 
409 Baumer Street, Pittsburgh, PA 15209. 


NEUROLOGIST — Great opportunity for BC/BE 
neurologist to practice in beautiful community of 
60,000 in southern Virginia. The Memoria! Hospital 
506-bed full service community hospital, is the sole 
provider of hospital services for Danville and the 
surrounding county. Enjoy both a busy practice in a 
cooperative medical environment and a wonderful life 
style for you and your family. Send CV to: Kris Zipin, 
Department AIM, The Memorial Hospital of Danville, 
142 South Main Street, Danville, VA 24541. (800) 
782-2750. 


EXCELLENT OPPORTUNITY for BC/BE neurologist 
with strong clinical skills to join a rapidly expanding 
neurological group located one hour from Chicago 
and one-half hour from Milwaukee. Salary com- 
petitive. Expertise in sleep or EEG desired. Please 
contact: Box #854, c/o AON. 
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Hawan ~ 


Excellent opportunity for BE/BC 
neurologist with experience in 
EEG, EMG, and EP to join well 
established multi-specialty 
group of 270 physicians. 
Modern and well-equipped 205- 
bed hospital with full diagnos- 
tic facilities, including MRI. 
Kaiser Permanente, Hawaii's 
oldest and largest HMO, offers 
competitive salaries and a com- 
prehensive benefit package 
which includes medical, dental, 
retirement, profit sharing, mov- 
ing allowance, and malpractice 
coverage. Live in paradise sur- 
rounded with spectacular 
beaches and an exceptional 
climate all year round. Enjoy an 
abundance of outdoor and 
water activities. 


Please send CV to: 


Hawaii Permanente 
Medical Group Inc 
3288 Moanalua Road, 
Honolulu, HI 96819 


| An Equal Opportunity Employer. | 





STROKE NEUROLOGIST 


The Ochsner Clinic in New Orleans is seeking a BE/BC neurologist 
with fellowship training in cerebral vascular disease. The candidate 
should have strong clinical skills in managing patients with 


cerbrovascular disease. 


The Ochsner Clinic is a large (250 
MDs) multi-specialty clinic with an 
adjoining 550-bed hospital. The 
neurology service is affiliated with 
the Tulane University Neurology 
Department and our staff have 
clinical appointments at Tulane 
University. The Neurology service 
has teaching responsibilities at the 
Ochsner Foundation Hospital for 
Tulane Neurology residents and 
medical students. 


At Ochsner there are also opportu- 
nities for individual and coopera- 
tive clinical research. 


Interested physicians should send 
a complete CV to: 


Dr. Richard Strub, Chairman 
Department of Neurology 

OCHSNER MEDICAL INSTITUTIONS 
1514 Jefferson Highway 

New Orleans, Louisiana 70121 


For more details, please call: 
(504) 838-3980 





Practice Opportunities 
Available: 


MISSISSIPPI 

e 90 physician multi-specialty 
group, 458-bed hospital, sleep 
lab, epilepsy & pain 
management center 

e Close to coast & metro areas 

e Develop specialty interests & 
academic affiliations 


KENTUCKY 


e Nation’s #1 lakeside community 


e 22,000 areas of lakes 

e Home of a state university 

e School system in top 50 in 
nation 


NEURO-SYSTEM 


For more information on these 





and other 
contact: 


opportunities 


lA 
AV 


Lisa Spielberg 
1-800-765-3055 





Professional Opportunities 


FLORIDA-ORLANDO-DAYTONA AREA: BC/BE 


neurologist needed to join two progressive board- 
certified neurologists. The practice is growing and 
expanding. Excellent salary. Opportunities for 
personal growth and family enjoyment in a medium 
sized city with private highly rated four year college. 
Close to Orlando and Daytona. EEG, EMG/NCV/EP 
training and skill required. If you are seeking an 
academic approach to clinical neurology in a private 
practice setting, this is an excellent opportunity. 
Compensation commensurate with skill and 
motivation. Reply to: Box #852 c/o AON. 


NEW ORLEANS: Solo BC neurologist seeking 
energetic, conscientious and personable BE/BC 
neurologist who is willing to work hard. EEG, EMG, 
EP experience required. Ultrasound experience 
preferred. Generous salary, fringe benefits. 
Partnership available in two years. Reply with CV to: 
Janna Delaune, 120 Meadowcrest Street, Suite 410, 
Gretna, LA 70056. 


DIAGNOSE AND TREAT patients with organic 
diseases, disorders of the nervous system and 
neuromuscular disorders using a variety of 
neurological instruments and employing appropriate 
neurological and neuromuscular care techniques. Job 
site/Interview: Lewiston, Maine. $7,500 per month. 
Requirements: MD degree, three years training in 
neurology, one year post doctoral training in neuro- 
muscular diseases and Maine medical license. Send 
resume to job #2990416, Labor Certification Unit, 
Maine Department of Labor, 20 Union Street, August, 
ME 04330. 


Practices Available 


NEUROLOGIST NEEDED to take over busy practice 
in pleasant northern California city. Academic 
available. Physician retiring. Reply to: Box #853, c/o 
AON. 


Neuroimmunologist 


Marshfield Clinic is seeking a Neurologist to establish a clinical Multiple 
Sclerosis program. The ideal candidate would be a fellowship-trained 
Neuroimmunologist who also has a clinical interest in other neurological 
disorders that have an immunological basis. This specialist would join 
twelve adult neurologists including fellowship-trained subspecialties in 
cerebrovascular diseases, neuro-oncology, neuro-ophthalmology, behav- 
ior disorders, epilepsy, sleep disorders and neurophysiology, three pedi- 
atric neurologists, five neuropsychologists and four neurosurgeons in a 
state-of-the-art practice. A full range of neurologic lab and support 
services exists including duplex scanning, transcranial doppler, SPECT, 
MRI, CAT scanning, and invasive neuro-radiology. Clinical research is 
possible for both individual and multi-centered national projects. 


Marshfield clinic is a group practice consisting of 400 physicians 
representing all surgical and medical specialties. The clinic is 
physically adjacent to a 524-bed acute care teaching hospital. A Univer- 
sity of Wisconsin Medical School affiliation, large Medical Research 
Foundation, plus a major secondary and tertiary level patient referral 
base contribute to a very stimulating environment. 


Please send cover letter/curriculum vitae to: 


John P. Folz, Assistant Director 
Marshfield Clinic 

1000 North Oak Avenue 
Marshfield, WI 54449 

or call collect at (715) 387-5181 





MARSHFIELD CLINIC 


EOK/AA M/F/H/\ 





l 


Positions Available 


ADULT NEUROLOGIST — Three-person, successful 
neurology group in beautiful Pennsylvania suburban 
community seeks additional member for clinical 
practice with academic affiliation. Teaching and 
research opportunities exist, subspecialty interest 
and/or fellowship desirable. Reply to: Box #840, c/o 
AON. 


Faculty Positions 


THIRD PEDIATRIC NEUROLOGIST needed for 


busy practice, new pediatric neurology fellowship 
program. Seven neurologists in department, five 
basic neuroscientists. Opportunity for collaborative 
research. Subspecialty interests encouraged. 
Contact: Joseph B. Green, MD, Department of 
Neurology, Texas Tech University Health Sciences 
Center, Lubbock, TX 79430. 


LOYOLA UNIVERSITY CHICAGO Stritch School of 
Medicine seeks Director of Stroke Program. 
Resources include transcranial Doppler, modern 
neuro-imaging laboratory with SPECT, and 
molecular neuroscience laboratories. Loyola 
University is a large center for cardiovascular 
disorders with very active surgical and cardiology 
programs. Research collaborations possible with 
cardiology and cardiovascular surgery. Candidates 
should be board-eligible or -certified neurologists 
with scholarly career interests and qualified for 
academic appointment. Send reply to: Gastone 
Celesia, MD, Chairman, Neurology Department, 
Loyola University Chicago, 2160 South First 
Avenue, Chicago, IL 60153. Loyola is an equal 
opportunity/affirmative action employer. 


TEXAS TECH is searching for an academic 
electromyographer to join a busy laboratory: Well 
equipped, technically staffed. Teach residents and 
students. Seven neurologists, muscle-nerve biopsy 
laboratory, experimental neuropathologist. Contact: 
Joseph B. Green, MD, Department of Neurology, 
Texas Tech University Health Sciences Center, 
Lubbock, TX 79430. 


ACADEMIC NEUROMUSCULAR position. Associ- 
ate Professor or Professor to direct a clinical 
program in electrophysiology and neuromuscular 
disease in the Department of Neurology at the 
University of Maryland School of Medicine in 
Baltimore. Candidates should have an MD and be 
boarded in both neurology and electomyography. 
The position will include training of neurology resi- 
dents and fellows in EMG/NCV, direction of a 
neuromuscular biopsy laboratory and supervision of 
clinics in both muscular dystrophy and neuromuscu- 
lar disease. An established record of clinical 
electrophysiologic research and extramural funding 
is desirable. The University of Maryland includes a 
large university hospital, and an adjacent new 
Veterans Administration Medical Center in re- 
juvenated Baltimore. Please forward curriculum vitae 
and three letters of recommendation to: Kenneth P. 
Johnson, MD, Chairman, Department of Neurology, 
University of Maryland Hospital, 22 South Greene 
Street, Baltimore, MD 21201. Telephone: (410) 328- 
6483. The University encourages women and 
minorities to apply. An equal opportunity employer. 


Fellowships 


EMG AND NEUROMUSCULAR DISEASE fellowship 
at the University of Mississippi Medical Center: 
Comprehensive fellowship in clinical neuromuscular 
disease and electromyography (including single fiber 
EMG). The experience is based on a large MDA 
Clinic (more than 500 patients) and an active EMG 
laboratory (700 procedures/year). Muscle and nerve 
pathology training under three (3) active neuro- 
muscular specialists to include immunocyto- 
chemistry. Opportunities for clinical research. Send 
CV and three letters of recommendation to: S.H. 
Subramony, MD, Department of Neurology, 
University of Mississippi Medical Center, 2500 North 
State Street, Jackson, MS 39216-4505. University of 
Mississippi Medical Center is an equal opportunity 
employer, M/F/D/V. 


109. 


Neurobehavior 
Fellowship 


Emory University School of Medicine 
invites applications for a one- or two- 
year fellowship in behavioral neurology, 
beginning on or after July 1, 1993. The 
fellowship will offer exposure to the 
neurology and neuropsychology of 
dementia, stroke, head injury, temporal 
lobe epilepsy, movement disorders, and 
atypical psychiatric disorders. 


The fellow will be encouraged to inten- 
sively participate in one of the research 
activities of the program. Current clini- 
cal research includes drug trials for 
Alzheimer's disease, cognitive evoked 
potentials in aging and stroke, and the 
behavioral problems associated with 
temporal lobe epilepsy. Current basic 
research involves cellular neuroanat- 
omy and neurophysiology relating to 
neuronal injury. 


Please send letter of inquiry and CV to: 
Robert C. Green, MD 


Neurobehavioral Program 


EMORY UNIVERSITY 
DEPARTMENT OF NEUROLOGY 


Wesley Woods Center 
1821 Clifton Road, NE 
Atlanta, GA 30329 


Telephone: (404) 728-6682 
An equal opportunity employer. 





BASIC NEUROSCIENCE FOR THE 


CLINICAL NEUROSCIENTIST 
A Fellowship for Clinicians 
Interested in Research 


Applications are invited for a fellowship in basic 


neuroscience research. This newly funded 
N.I.H. program is intended to allow residents 


who have completed training in one of the clini- 
cal neurosciences (neurology, neurosurgery, or 


neuropathology) to work in a basic neuro- 


science research laboratory for periods of up to 
three years. The intent of the program is to pre- 


pare clinical neuroscientists for careers in an 
academic environment. 


The training program faculty are members of 


the Graduate School Neurosciences Program. 
All hold joint appointments at either the School 


of Medicine or the School! of Veterinary 
Medicine. They have expertise in a large 
number of neuroscience disciplines including 


neurophysiology, developmental neuroanatomy, 


molecular neurobiology, neuropharmacology, 
neuroimmunology, neurovirology, and neuro- 
chemistry. Collaboration between laboratories 
is a prominent feature of the faculty and is 
actively encouraged. Facilities are excellent 
with many new and newly remodeled labora- 
tories and state-of-the-art equipment. 


For additional information about this fellow- 
ship contact: Dr. Gary Birnbaum, Program 


Director, c/o Box 92, Mayo Building, 
University of Minnesota School of 
Medicine, Minneapolis, MN 55455. 
Telephone: (612) 625-2633. 
Applications should include a curriculum 
vitae, three letters of recommendation, one 
of which should be from the director of the 
applicants residency training program, and 
a short description of research interests 
and/or proposed research. 
The University of Minnesota is an equal opportunities 
employer and applications from minority and female 
candidates are encouraged. 





Fellowships 


NEUROPHYSIOLOGY/SLEEP FELLOWSHIP — 
The Department of Neurology, Medical College of 
Wisconsin, has a position for a one-year or two-year 
program beginning July 1993 as well as July 1994, 
designed to combine training in epilepsy and clinical 
neurophysiology as well as sleep disorders 
medicine. Comprehensive exposure to epilepsy and 
sleep disorders is available. This exposure includes 
participation in adult and pediatric epilepsy and 
sleep clinics staffed by epileptologists and sleep 
physicians (Neurologists, ENTs and Pul- 
monologists). A two bed adult and one bed pediatric 
epilepsy and sleep laboratory is utilized. This will 
qualify the fellow for ABCN/ACP examination within 
one year. Participation in a comprehensive epilepsy 
clinic and clinical drug trials is available. 
Involvement in clinical epilepsy and clinical or basic 
science research including newer functional imaging 
techniques allows extension of the fellowship to two 
years. Send resume to: L. Cass Terry, MD, PhD, 
Chairman, Department of Neurology, Medical 
College of Wisconsin, 9200 West Wisconsin 
Avenue, Milwaukee, WI 53226. The Medical 
College of Wisconsin is an equal opportunity/ 
affirmative action employer, M/F/D. 


NEUROVASCULAR FELLOWSHIP 


The Division of Neurology of the Barrow 
Neurological Institute offers comprehensive 
fellowship training in neurovascular disease. 
One position will be available as of July 1993. 
Please direct inquiries to: James L. Frey, MD, 

222 West Thomas Road, Suite 415, Phoenix, AZ 
85013. (602) 650-6300; FAX (602) 650-7167 











EMG/NEUROMUSCULAR DISEASE FELLOWSHIP 
available beginning July 1993 for one year at the 
Medical College of Wisconsin and affiliated 
hospitals (Children's Hospital, Froedtert Hospital, 
VA Medical Center, Milwaukee County Medical 
Complex). Training opportunities include adult and 
pediatric EMG, single fiber EMG, nerve and muscle 
biopsy interpretation, adult and pediatric MDA 
clinics, and microneurography. Please send 
curriculum vitae and three references to: Dr. Rose 
Dotson or Dr. Safwan Jaradeh in the Department of 
Neurology at Froedtert Hospital, 9200 West 
Wisconsin Avenue, Milwaukee, WI 53226. The 
Medical College of Wisconsin is an equal 
opportunity/affirmative action employer, M/F/D. 
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We Target The Physician You Want! 


The Archives of Neurology's classified recruitment advertising section is seen by precisely 
the physician you need — neurologists, child neurologists and neurological surgeons. A 
specialized physician audience of over 15,000. 


Send us your advertising order today. Just complete the coupon below and attach your 
typewritten copy. The next available issue is December which closes October 25th. 
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ie Fellowships 


New Stroke Fellowship 


A fellowship in cerebrovascular disease is available 
in the Department of Neurology at the University of 
Cincinnati, July 1, 1993 - June 30, 1994. Fellows will 
receive multi-disciplinary training in clinical diagno- 
sis, acute treatment, and stroke rehabilitation. Expe- 
rience will be provided in a high-tech Stroke Unit, 
urgent intervention with thrombolytic agents and other 
therapies, non-invasive testing (including transcran- 
ial Doppler sonography), and in the emergency eva- 
luation and treatment of intracerebral hemorrhage. 
Candidates should be BE/BC in neurology and 
licensed to practice medicine in the U.S. 

Salaries are competitive, and the cost of living in 
Cincinnati is low. 


For further information, please contact: 
Thomas Brott, MD 
UNIVERSITY OF CINCINNATI MEDICAL CENTER 


231 Bethesda Avenue 
Cincinnati, Ohio 45267-0525 U (513) 558-5478 





Miscellaneous 


PATIENT EDUCATION VIDEOS —Electomyography/ 
$59.95, Nerve Conduction Velocity/$59.95, 
Thermography/$59.95, Somatosensory Evoked 
Potentials/$59.95, EMG & NCV/$99.95, Patient 
Spinal Education (Neck & Back Injuries)/$139.95, 
Neurodiagnostic Testing (All Inclusive)/$139.95. 
CODs, MC, VISA, Discover, call: (800) 332-7400. 
Check or money order to: Medfo, Inc., P.O. Box 
7730, St. Petersburg, FL 33734. 30-day money back 
guarantee. 


NATIONAL STROKE ASSOCIATION announces 
career-development fellowship award ($30,000/year) 
for stroke research. Application due January 15, 
1993 for July 1993 commencement. Contact: 
National Stroke Association, 300 East Hampden 
Avenue, #240, Englewood, CO 80110. (303) 762- 
9922. 


PLEASE NOTE - Address replies to box number 
ads as follows: Box number , c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 
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Dilantin Kapseals 


(extended phenytoin sodium capsules, USP) 100 mg 


Before prescribing, please see full prescribing information. A Brief Summary follows. 
INDICATIONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand mal) 
and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment of seizures 
occurring during or following neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see Dosage 
and Administration and Clinical Pharmacology in the full prescribing information). 
CONTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive to 
phenytoin or other hydantoins. 

WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status epilepticus. 
When, in the judgment of the clinician, the need for dosage reduction, discontinuation, or substitution 
of alternative antiepileptic medication arises, this should be done gradually. However, in the event of an 
allergic or hypersensitivity reaction, rapid substitution of alternative therapy may be necessary. In this 
case, alternative therapy should be an antiepileptic drug not belonging to the hydantoin chemical class. 

There have been a number of reports suggesting a relationship between phenytoin and the develop- 
ment of lymphadenopathy (local or generalized) including benign lymph node hyperplasia, pseudo- 
lymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect relationship has not been 
established, the occurrence of lymphadenopathy indicates the need to differentiate such a condition 
from other types of lymph node pathology. Lymph node involvement may occur with or without symp- 
toms and signs resembling serum sickness, eg, fever, rash and liver involvement. 

in all cases of lymphadenopathy, follow-up observation for an extended period is indicated and every 
effort should be made to achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may decrease 
serum levels. 

In view of isolated reports associating phenytoin with exacerbation of porphyria, caution should be 

exercised in using this medication in patients suffering from this disease. 
Usage in Pregnancy: A number of reports suggests an association between the use of antiepileptic 
drugs by women with epilepsy and a higher incidence of birth defects in children born to these women. 
Data are more extensive with respect to phenytoin and phenobarbital, but these are also the most 
commonly prescribed antiepileptic drugs; less systematic or anecdotal reports suggest a possible similar 
association with the use of all known antiepileptic drugs. 

The reports suggesting a higher incidence of birth defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data on drug teratogenicity in humans, genetic factors 
or the epileptic condition itself may be more important than drug therapy in leading to birth defects. 
The great majority of mothers on antiepileptic medication deliver normal infants. It is important to note 
that antiepileptic drugs should not be discontinued in patients in whom the drug is administered to 
prevent major seizures, because of the strong possibility of precipitating status epilepticus with attendant 
hypoxia and threat to life. In individual cases where the severity and frequency of the seizure disorder 
are such that the removal of medication does not pose a serious threat to the patient, discontinuation 
of the drug may be considered prior to and during pregnancy, although it cannot be said with any 
confidence that even minor seizures do not pose some hazard to the developing embryo or fetus. The 
prescribing physician will wish to weigh these considerations in treating or counseling epileptic women 
of childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft lip/palate 
and heart malformations, in children of women receiving phenytoin and other antiepileptic drugs, there 
have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal growth de- 
ficiency, microcephaly and mental deficiency in children born to mothers who have received phenytoin, 
barbiturates, alcohol, or trimethadione. However, these features are all interrelated and are frequently 
associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose mothers 
received phenytoin during pregnancy. 

Anincrease in seizure frequency during pregnancy occurs in a high proportion of patients, because 
of altered phenytoin absorption or metabolism. Periodic measurement of serum phenytoin levels is 
particularly valuable in the management of a pregnant epileptic patient as a guide to an appropriate 
adjustment of dosage. However, postpartum restoration of the original dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to epileptic 
mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent or correct 
this defect and has been recommended to be given to the mother before delivery and to the neonate 
after birth. 

PRECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin; patients with 
impaired liver function, elderly patients, or those who are gravely ill may show early signs of toxicity. 

A small percentage of individuals who have been treated with phenytoin has been shown to metabolize 
the drug slowly. Slow metabolism may be due to limited enzyme availability and lack of induction; it 
appears to be genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
Johnson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be resumed 
and alternative therapy should be considered. (See Adverse Reactions.) If the rash is of a milder type 
(measles-like or scarlatiniform), therapy may be resumed after the rash has completely disappeared. 
if the rash recurs upon reinstitution of therapy, further phenytoin medication is contraindicated. 

Phenytoin and other hydantoins are contraindicated in patients who have experienced phenytoin 
hypersensitivity. Additionally, caution should be exercised if using structurally similar compounds 
(eg, barbiturates, succinimides, oxazolidinediones and other related compounds) in these same patients. 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been reported. 
Phenytoin may also raise the serum glucose level in diabetic patients. 

Osteomalacia has been associated with phenytoin therapy and is considered to be due to phenytoin'’s 
interference with Vitamin D metabolism. 

Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. Appropriate 
diagnostic procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and absence 
(petit mal) seizures are present, combined drug therapy is needed. 

Serum levels of phenytoin sustained above the optimal range may produce confusional states referred 
to as ‘delirium’ “psychosis” or “encephalopathy” or rarely irreversible cerebellar dysfunction. Accordingly, 
at the first sign of acute toxicity, plasma levels are recommended. Dose reduction of phenytoin therapy 
is indicated if plasma levels are excessive; if symptoms persist, termination is recommended. (See 
Warnings.) 
information for Patients: Patients taking phenytoin should be advised of the importance of adhering 
strictly to the prescribed dosage regimen, and of informing the physician of any clinical condition in 
which it is not possible to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first seeking 
the physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the development 
of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 


apa Tests: Phenytoin serum level determinations may be necessary to achieve optimal dosage 
adjustments. 

Drug Interactions: There are many drugs which may increase or decrease phenytoin levels or which 
phenytoin may affect. Serum level determinations for phenytoin are especially helpful when possible drug 
interactions are suspected. The most commonly occurring drug interactions are listed below: 1. Drugs 
which may increase phenytoin serum levels include: acute alcohol intake, amiodarone, chloramphenicol, 
chlordiazepoxide, diazepam, dicumarol, disulfiram, estrogens, H2-antagonists, halothane, isoniazid, 
methylphenidate, phenothiazines, phenylbutazone, salicylates, succinimides, sulfonamides, 
tolbutamide, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse, 
reserpine, and sucralfate. Moban® brand of molindone hydrochloride contains calcium ions which 
interfere with the absorption of phenytoin. Ingestion times of phenytoin and antacid preparations 
containing calcium should be staggered in patients with low serum phenytoin levels to prevent absorption 
problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, sodium 
valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarbital, valproic acid and sodium 
valproate serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in susceptible 
patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin include: corticosteroids, coumarin anticoagulants, 
i estrogens, furosemide, oral contraceptives, quinidine, rifampin, theophylline, 
vitamin D. 

Drug/Laboratory Test Interactions: Phenytoin may cause decreased serum levels of protein-bound 
iodine (PBI). It may also produce lower than normal values for dexamethasone or metyrapone tests. 
Phenytoin may cause increased serum levels of glucose, alkaline phosphatase, and gamma glutamyl 
transpeptidase (GGT). 

Carcinogenesis: See “Warnings” section for information on carcinogenesis. 

Pregnancy: See Warnings. 

Nursing Mothers: Infant breast-feeding is not recommended for women taking this drug because phenyt- 
oin appears to be secreted in low concentrations in human milk. 

ADVERSE REACTIONS: Central Nervous System: The most common manifestations encountered with 
phenytoin therapy are referable to this system and are usually dose-related. These include nystagmus, 
ataxia, slurred speech, decreased coordination and mental confusion. Dizziness, insomnia, transient 
nervousness, motor twitchings, and headaches have also been observed. There have also been rare 
reports of phenytoin induced dyskinesias, including chorea, dystonia, tremor and asterixis, similar 
to those induced by phenothiazine and other neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has been observed in patients receiving long- 
term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver damage. 
Integumentary System: Dermatological manifestations sometimes accompanied by fever have included 
scarlatiniform or morbilliform rashes. A morbilliform rash (measles-like) is the most common; other 
types of dermatitis are seen more rarely. Other more serious forms which may be fatal have included 
bullous, exfoliative or purpuric dermatitis, lupus erythematosus, Stevens-Johnson syndrome, and toxic 
epidermal necrolysis (see Precautions). 

Hemopoietic System: Hemopoietic complications, some fatal, have occasionally been reported in 
association with administration of phenytoin. These have included thrombocytopenia, leukopenia, 
granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow suppression. While 
macrocytosis and megaloblastic anemia have occurred, these conditions usually respond to folic acid 
therapy. Lymphadenopathy including benign lymph node hyperplasia, pseudolymphoma, lymphoma, 
and Hodgkin's Disease have been reported (see Warnings). 

Connective Tissue System: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

immunologic: Hypersensitivity syndrome (which may include, but is not limited to, symptoms such 
as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash), systemic lupus 
erythematosus, and immunoglobulin abnormalities. 

OVERDOSAGE: The lethal dose in children is not known. The lethal dose in adults is estimated to be 
2 to 5 grams. The initial symptoms are nystagmus, ataxia, and dysarthria. Other signs are tremor, hyper- 
reflexia, lethargy, slurred speech, nausea, vomiting. The patient may become comatose and hypotensive. 
Death is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where toxicity 
may occur. Nystagmus, on lateral gaze, usually appears at 20 mcg/mL, ataxia at 30 mcg/mL, dysarthria 
and lethargy appear when the plasma concentration is over 40 mcg/mL, but as high a concentration 
as 50 mcg/mL has been reported without evidence of toxicity. As much as 25 times the therapeutic 
dose has been taken to result in a serum concentration over 100 mcg/mL with complete recovery. 
Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and appropriate 
supportive measures employed. Hemodialysis can be considered since phenytoin is not completely 
bound to plasma proteins. Total exchange transfusion has been used in the treatment of severe 
intoxication in children. 

In acute overdosage the possibility of other CNS depressants, including alcohol, should be borne 


in mind. 
Caution — Federal law prohibits dispensing without prescription. 0362G280 
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Thousands of 


neurologists goby . 
the same name. g 


Neurologists write “Dilantin” more often than any other name in anti- 
convulsant therapy'—and for good reasons: | 

m= Unsurpassed ee Hixel of generalized and partial seizures”* 

= Convenient once-daily dc sing for many patients* 

m Significantly lower cost than carbamazepine or valproic acid’ 


When you add billBr'e-of successful patient therapy days, it’s clear why so 
many neurologists independently write the same prescription: Dilantin 
Kapseals for effective seizure control. 


*For adult patients already controlled on 100 mg tid of Dilantin Kapseals. 
' Adapted from IMS National Pharmacy Audit Basic Data Book, 4/91-6/91." 


Please see next page for a brief summaryof full prescribing information 
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Calendar of Meetings 


1992 

November 

13-15 “Current Neurology,” The Sheraton Astrodome Hotel, Houston, Tex. Contact Lila 
K. Lerner, Program Coordinator, The Office of Continuing Education, Baylor Col- 
lege of Medicine, One Baylor Plaza, Houston, TX 77030; (713) 798-6020. 

18-22 “Caring for People With Huntington’s Disease,” Tarrytown, NY. Contact Elizabeth 
Mueller, Foundation for the Care and Cure of Huntington’s Disease, 82681 Over- 
seas Hwy, PO Box 1084, Islamorada, FL 33036; (908) 739-5621. 

December 

1-2 “Neural Mechanisms of the Auditory and Vestibular Systems II,” Baltimore, Md. 


Contact Program Coordinator, Office of Continuing Education, The John Hopkins 
Medical Institutions, Turner 20, 720 Rutland Ave, Baltimore, MD 21205-2195; 
(410) 955-2959. 


3-4 “Bascom Palmer Eye Institute 1992 Neuro-Ophthalmology Course,” Sonesta Beach 
Hotel, Key Biscayne, Fla. Contact Continuing Education in Ophthalmology, PO 
Box 015869, Miami, FL 33101; (305) 326-6099. 


1993 

January 

4-8 “The Complete Magnetic Resonance Imaging Course,” Ritz-Carlton, Kapalua, 
Maui, Hawaii. Contact Janice Ford, Manager, Department of Radiology, Hospital 
of the University of Pennsylvania, 3400 Spruce St, Philadelphia, PA 19104; 
(215) 662-6904. 

February 

2-6 The 16th Annual Meeting of the American Society of Neuroimaging, Hilton at Walt 
Disney World, Orlando, Fla. Contact Linda Wilkerson, Administrator, American 
Society of Neuroimaging, 2221 University Ave SE, Suite 340, Minneapolis, MN 
55414. 

6-10 Seventh International Symposium on Cerebral Hemodynamics: Transcranial 


Doppler, Cerebral Blood Flow, and Other Modalities, Orlando, Fla. Contact Julie 
A. Hauf, Conference Coordinator, Institute of Applied Physiology and Medicine, 
701 16th Ave, Seattle, WA 98122; (206) 553-7330. 


11-13 26th Annual Recent Advances in Neurology, Ritz-Carlton Hotel, San Francisco, 
Calif. Contact Extended Programs in Medical Education, Room LS-105, University 
of California, San Francisco, CA 94143; (415) 476-4251. 


18-20 “Multimodality Treatment for Intracranial Tumors,” Rome, Italy. Contact Orga- 
nizing Secretariat, Medicon Italia, Piazza A. Mancini 4, 00196, Rome, Italy. 
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Eldepryl fi 
(SELEGILINE HYDROCHLORIDE) Tablets 


BRIEF SUMMARY: Please see package insert for full prescribing information. 

CLINICAL PHARMACOLOGY: 

The mechanisms accounting for selegiline’s beneficial adjunctive action in the treatment of Parkinson's disease are not 
fully understood. Inhibition of monoamine oxidase, type B, activity is generally considered to be of primary importance; in 
addition, there is evidence that selegiline may aet through other mechanisms to increase dopaminergic activity 





INDICATIONS AND USAGE: 
ELDEPRYL® (SELEGILINE HYDROCHLORIDE) is indicated as an adjunct in the management of Parkinsonian patients 
being treated with levodopa’ carbidopa who exhibit deterioration in the quality of their response to this therapy. There is no 
evidence from controlled studies that selegiline has any beneficial effect in the absence of concurrent levodopa therapy. 
Evidence supporting this claim was obtained in randomized controlled clinical investigations that compared the effects of 
added selegiline or placebo in patients receiving levodopa/carbidopa. Selegiline was significantly superior to placebo on 
all three principal outcome measures employed: change from baseline in daily levodopa/carbidopa dose, the amount of 
‘off time, and patient self-rating of treatment success. Beneficial effects were also observed on other measures of treat- 
ment success (e.g., measures of reduced end of dose akinesia, decreased tremor and sialorrhea, improved speech and 
dressing ability and improved overall disability as assessed by walking and comparison to previous state) 
CONTRAINDICATIONS: 
ELDEPRYL® (SELEGILINE HYDROCHLORIDE) is contraindicated in patients with a known hypersensitivity to this drug. 
ELDEPRYL® (SELEGILINE HYDROCHLORIDE) is contraindicated for use with meperidine (DEMEROL and other trade 
names). This contraindication is often extended to other opioids (see Drug Interactions). 


WARNINGS: 
Selegiline should not be used at daily doses exceeding those recommended (10 mg/day) because of the risks 
associated with non-selective inhibition of MAO. (See CLINICAL PHARMACOLOGY. 

The selectivity of selegiline for MAO B may not be absolute even at the recommended daily dose of 10 mg a day and 
selectivity is further diminished with increasing daily doses. The precise dose at which selegiline becomes a non-selective 
inhibitor of all MAO is unknown, but may be in the range of 30 to 40 mg a day. 

Definitive clinical data on the concomitant use of ELDEPRYL® (SELEGILINE HYDROCHLORIDE) and fluoxetine hydro- 
chloride (PROZAC) is not available. Death has been reported to occur following the initiation of therapy with nonselective 
MAOI's (NARDIL, PARNATE} after discontinuation of fluoxetine. To date, this reaction has not been reported with 
ELDEPRYL® (SELEGILINE HYDROCHLORIDE), however, since the mechanism of this reaction is not fully understood it 
seems prudent, in general, to avoid this combination. Because of the long half-lives of fluoxetine and its active metabolite, 
al least five weeks (approximately 5 half-lives) should elapse between discontinuation of fluoxetine and initiation of MAO! 
therapy. Based on experience with the combined use of MAO!'s and tricyclic antidepressants, at least 14 days should 
elapse between discontinuation of an MAO! and initiation of treatment with fluoxetine. 


PRECAUTIONS: 

General: Some patients given selegiline may experience an exacerbation of levodopa associated side effects, presumably 
due to the increased amounts of dopamine reacting with super-sensitive post-synaptic receptors. These effects may often 
be mitigated by reducing the dose of levodopa/carbidopa by approximately 10 to 30%. 

The decision to prescribe selegiline should take into consideration that the MAO system of enzymes is complex and in- 
completely understood and there is only a limited amount of carefully documented clinical experience with selegiline. Con- 
sequently, the full spectrum of possible responses to selegiline may not have been observed in pre-marketing evaluation of 
the drug. It is advisable, therefore, to observe patients closely for atypical responses. 

Information for Patients: Patients should be advised of the possible need to reduce levodopa dosage after the initiation of 
ELDEPRYL® (SELEGILINE HYDROCHLORIDE) therapy. 

Patients (or their families if the patient is incompetent) should be advised not to exceed the daily recommended dose of 
10 mg. The risk of using higher daily doses of selegiline should be explained, and a brief description of the ‘cheese 
reaction’ provided. While hypertensive reactions with selegiline have not been reported, documented experience is limited. 
Consequently, it may be useful to inform patients (or their families) about the signs and symptoms associated with MAO! 
induced hypertensive reactions. In particular, patients should be urged to report, immediately, any severe headache or 
other atypical or unusual symptoms not previously experienced 
Laboratory Tests: No specific laboratory tests are deemed essential for the management of patients on ELDEPRYL® 
(SELEGILINE HYDROCHLORIDE). Periodic routine evaluation of all patients, however, is appropriate. 

Drug Interactions: The occurrence of stupor, muscular rigidity, severe agitation, and elevated temperature has been 
reported in a man receiving selegiline and meperidine, as well as other medications. Symptoms resolved over days when 
the combination was discontinued. This case is typical of the interaction of meperidine and MAOIs. Other serious reactions 
(including severe agitation, hallucinations, and death) have been reported in patients receiving this combination. While it 
cannot be said definitively that all of these reactions were caused by this combination, they are all compatible with this well 
recognized interaction. No other interactions attributed to the combined use of selegiline and other drugs have been 
reported. However, because the database of documented clinical experience is limited, the level of reassurance provided 
by this lack of adverse reporting is uncertain. (See WARNINGS and PRECAUTIONS.) 

Carcinogenesis, Mutagenesis, and Impairment of Fertility: Studies have not been performed to date to evaluate the 
carcinogenic potential of selegiline hydrochloride. 

Pregnancy: Pregnancy Category C. insufficient animal reproduction studies have been done with selegiline to conclude 
that selegiline poses no teratogenic risk. However, one rat study carried out at doses as much as 180 fold the recom- 
mended human dose revealed no evidence of a teratogenic effect. It is not known whether selegiline can cause fetal harm 
when administered to a pregnant woman or can affect reproduction capacity. Selegiline should be given to a pregnant 
woman only if clearly needed. 

Nursing Mothers: It is not known whether selegiline hydrochloride is excreted in human milk. Because many drugs are 
excreted in human milk, consideration should be given to discontinuing the use of all but absolutely essential drug 
treatments in nursing women. 

Pediatric Use: The effects of selegiline hydrochloride in children have not been evaluated. 


ADVERSE REACTIONS: 

Introduction: The number of patients who received selegiline in prospectively monitored pre-marketing studies is limited. 
While other sources of information about the use of selegiline are available (e.g., literature reports, foreign post-marketing 
reports, etc.) they do not provide the kind of information necessary to estimate the incidence of adverse events. Thus, 
overall incidence figures for adverse reactions associated with the use of selegiline cannot be provided. Many of the 
adverse reactions seen have been also reported as symptoms of dopamine excess. 

Moreover, the importance and severity of various reactions reported often cannot be ascertained. One index of relative 
importance, however, is whether or not a reaction caused treatment discontinuation. In prospective pre-marketing studies, 
the following events led, in decreasing order of frequency, to discontinuation of treatment with selegiline: nausea, 
hallucinations, confusion, depression, loss of balance, insomnia, orthostatic hypotension, increased akinetic involuntary 
movements, agitation, arrhythmia, bradykinesia, chorea, delusions, ion, New or increased angina pectoris and 
syncope. Events reported only once as a cause of discontinuation are ankle edema, anxiety, burning lips/mouth, 
constipation, drowsiness / lethargy, dystonia, excess perspiration, increased freezing, gastrointestinal bleeding, hair loss, 
increased tremor, nervousness, weakness and weight loss. 

Experience with ELDEPRYL® (SELEGILINE HYDROCHLORIDE) obtained in parallel, placebo controlled, randomized 
Studies provides only a limited basis for estimates of adverse reaction rates. The following reactions that occurred with 
greater frequency among the 49 patients assigned to selegiline as compared to the 50 patients assigned to placebo in the 
only parallel, placebo controlled trial performed in patients with Parkinson's disease are shown in the following Table. None 
of these adverse reactions led to a discontinuation of treatment. 

In all prospectively monitored clinical investigations, enrolling approximately 920 patients, the following adverse events, 
Classified by body system, were reported. 

CENTRAL NERVOUS SYSTEM: 

Motor/Coordination/ Extrapyramidal: increased tremor, chorea, loss of balance, restlessness, blephorospasm, increased 
bradykinesia, facial grimace, falling down, heavy leg, muscle twitch”, myoclonic jerks’, stiff neck, tardive dyskinesia, 
dystonic symptoms, dyskinesia, involuntary movements, freezing, festination, increased apraxia, muscle cramps. 

Mental Status/Behavioral/ Psychiatric: hallucinations, dizziness, confusion, anxiety, depression, drowsiness, behavior/ 
mood change, dreams/nightmares, tiredness, delusions, disorientation, lightheadedness, impaired memory’, increased 
energy’, transient high’, hollow feeling, lethargy/malaise, apathy, overstimulation, vertigo, personality change, sleep dis- 
turbance, restlessness, weakness, transient irritability. 

Pain/Altered Sensation: headache, back pain, leg pain, tinnitus, migraine, supraorbital pain, throat burning, generalized 
ache, chills, numbness of toes/fingers, taste disturbance. 

AUTONOMIC NERVOUS SYSTEM: Dry mouth, blurred vision, sexual dysfunction. 

CARDIOVASCULAR: Orthostatic hypotension, hypertension, arrhythmia, palpitations, new or increased angina pectoris, 
hypotension, tachycardia, peripheral edema, sinus bradycardia, syncope. 

GASTROINTESTINAL: Nausea/vomiting, constipation, weight loss, anorexia, poor appetite, dysphagia, 

diarrhea, heartburn, rectal bleeding, bruxism’, gastrointestinal bleeding (exacerbation of preexisting ulcer disease), 


GENITOURINARY /GYNECOLOGIC/ ENDOCRINE: Slow urination, transient anorgasmia", nocturia, prostatic hypertrophy, 
urinary hesitancy, urinary retention, decreased penile sensation’, urinary 
SKIN AND APPENDAGES: Increased sweating, diaphoresis, facial hair, hair loss, hemotoma, rash, photosensitivity. 
MISCELLANEOUS: Asthma, diplopia, shortness of breath, speech affected. 
POSTMARKETING REPORTS: The following experiences were described in spontaneous postmarketing reports. 
These reports do not provide sufficient information to establish a clear causal relationship with the use of ELDEPRYL® 
(SELEGILINE HYDROCHLORIDE). 

CNS: Seizure in dialyzed chronic renal failure patient on concomitant medications. 
"indicates events reported only at doses greater than 10 mg/day. 


Incidence of Treatment-Emergent Adverse Experiences in the Placebo-Controlled Clinical Trial 
Adverse Event Number of Patients Reporting Events 
selegiline hydrochloride placebo 
N= 49 N=50 





Nausea 10 
Dizziness /Lightheaded/ Fainting 7 
Abdominal Pain 4 
Contusion 3 
Hallucinations 3 
Dry mouth 3 
Vivid Dreams 2 
Dyskinesias 2 
Headache 2 
The following events were reported once in either or both groups: 


Ache, generalized 
Anxiety/Tension 
Anemia 

Diarrhea 

Hair Loss 
Insomnia 
Lethargy 

Leg pain 

Low back pain 
Malaise 
Palpitations 
Urinary Retention 
Weight Loss 


OVERDOSAGE: 

line: No specific information is available about clinically significant overdoses with ELDEPRYL® (SELEGILINE 
HYDROCHLORIDE). However, experience gained during selegiline’s development reveals that some individuals exposed 
to doses of 600 mg d! selegiline suffered severe hypotension and psychomotor agitation. 

Since the selective inhibition of MAO B by selegiline hydrochloride is achieved only at doses in the range recommended 
for the treatment of Parkinson's disease (e.g., 10 mg/day), overdoses are likely to cause significant inhibition of both 
MAO A and MAO B. Consequently, the signs and symptoms of overdose may resemble those observed with marketed 
non-selective MAO inhibitors [e.g., tranylcypromine (PARNATE), isocarboxazide (MARPLAN), and phenelzine (NARDIL)]. 
Overdose with Non-Selective MAO Inhibition: NOTE: This section is provided for reference; it does not describe events 
that have actually been observed with selegiline in overdose. 

Characteristically, signs and symptoms of non-selective MAO! overdose may not appear immediately. Delays of up to 
12 hours between ingestion of drug and the appearance of signs may occur. Importantly, the peak intensity of the syn- 
drome may not be reached for upwards of a day following the overdose. Death has been reported following overdosage. 
Therefore, immediate hospitalization, with continuous patient observation and monitoring for a period of at least two days 
following the ingestion of such drugs in overdose is strongly recommended. 

The clinical picture of MAO! overdose varies considerably; its severity may be a function of the amount of drug con- 
sumed. The central nervous and cardiovascular systems are prominently involved. 

Signs and symptoms of overdosage may include, alone or in combination, any of the following: drowsiness, dizziness, 
faintness, irritability, hyperactivity, agitation, severe headache, hallucinations, trismus, opisthotonus, convulsions, and coma; 
rapid and irregular puise, hypertension, hypotension and vascular collapse; precordial pain, respiratory depression and 
failure, hyperpyrexia, diaphoresis, and cool, clammy skin. 

Treatment Suggestions for Overdose 

NOTE: Because there is no recorded experience with selegiline overdose, the following tions are offered 
based upon the assumption that selegiline overdose may be modeled by non-selective poisoning. In any 
case, up-to-date information about the treatment of overdose can often be obtained from a certified Regional 
Roina (PDR “ong Telephone numbers of certified Poison Control Centers are listed in the Physician's Desk 

Treatment of overdose with non-selective MAOIs is symptomatic and supportive. Induction of emesis or gastric lavage 
with instillation of charcoal slurry may be helpful in early poisoning, provided the airway has been protected against 
aspiration. Signs and symptoms of central nervous system stimulation, including convulsions, should be treated with 
diazepam, given slowly intravenously. Phenothiazine derivatives and central nervous system stimulants should be avoided. 
Hypotension and vascular collapse should be treated with intravenous fluids and, if necessary, blood pressure titration with 
an intravenous infusion of a dilute pressor agent. It should be noted that adrenergic agents may produce a markedly 
increased pressor response. 

Respiration should be supported by appropriate measures, including management of the airway, use of supplemental 
oxygen, and mechanica! ventilatory assistance, as required. 

Body temperature should be monitored closely. Intensive management of hyperpyrexia may be required. Maintenance of 
fluid and electrolyte balance is essential. 


DOSAGE AND ADMINISTRATION: 

ELDEPRYL® (SELEGILINE HYDROCHLORIDE) is intended for administration to Parkinsonian patients receiving 

levodopa/carbidopa therapy who demonstrate a deteriorating response to this treatment. The recommended regimen for 

the administration of ELDEPRYL® (SELEGILINE HYDROCHLORIDE) is 10 mg per day administered as divided doses of 

5 mg each taken at breakfast and lunch. There is no evidence that additional benefit will be obtained from the administra- 

tion of higher doses. Moreover, higher doses should ordinarily be avoided because of the increased risk of side effects. 
After two to three days of selegiline treatment, an attempt may be made to reduce the dose of levodopa/carbidopa. A re- 

duction of 10 to 30% was achieved with the typical participant in the domestic placebo controlled trials who was assigned 

to selegiline treatment. Further reductions of levodopa/carbidopa may be possible during continued selegiline therapy. 
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Clinics in Geriatric 
Medicine: 
Cerebrovascular 
Disorders in the 1990s 


Edited by José Biller, 643 pp, with illus, 
$73, Philadelphia, Pa: WB Saunders Co, 
1991. 


This superb book consists of 16 sepa- 
rate contributions covering various 
aspects of cerebrovascular disease. 
Seldom have I found a multiauthored 
volume that contains such a uni- 
formly high grade of chapters. There 
is not a single “clunker” in the crowd, 
and some are the best concise reviews 
of topics available. All contributions 
contain copious amounts of data. All 
chapters are current and most are 
heavily and specifically referenced to 
recent publications. Most contribu- 
tions are scholarly and evenly bal- 
anced and yet short, to the point, and 
well organized. Some, such as Foley’s 
discussion of ethical issues in the 
management of patients with cere- 
brovascular disease, even wax elo- 
quent. “For many elderly patients, a 
stroke is seen as the final intolerable 
blow to independence and dignity 
already whittled away by the physi- 
cal, mental, and social burdens of old 
age.” Foley’s chapter should be re- 
quired reading for all neurology res- 
idents and neurologists. 

I enthusiastically recommend this 
book to all neurologists and neurol- 
ogy trainees. I learned quite a bit from 
this book. My only criticism relates to 
the supposedly intended audience— 
geriatricians and generalists, who 
care for older stroke patients. Few 
neurologists regularly read geriatric 
literature. Little in the book is specif- 
ically geriatric, unless one thinks of 
stroke as an inherently geriatric prob- 
lem. The contributions are aimed way 


Arch Neurol—Vol 49, November 1992 


above the level of internists and ger- 
iatricians I know. Most chapters as- 
sume basic knowledge of the topics 
they cover and serve mostly as up- 
dates. Alas, few nonneurologists 
know the basics. None of the chapters 
take a “how-to” approach but instead 
present balanced, current data. There 
are too few definitive recipe-type, 
“what-if” pieces of advice and spe- 
cific decision-tree strategies to suit 
most nonneurologists who care for 
stroke patients. The exception is 
Brott’s excellent, very specific advice 
about treating hypertension in stroke 
patients. The contributions are really 
separate essays with no attempt to 
coordinate or collate the subjects into 
a whole. This approach is satisfactory 
for the schooled and knowledgeable 
but does not work well for the novi- 
tiate. I am concerned that the book 
will be wasted on its intended audi- 
ence and will wilt in geriatric librar- 
ies unread, unloved, and not under- 
stood. Alas, it may get insufficient 
attention by neurologists to whom it 
would prove the most valuable. Buy 
it, read it, refer to it! 
Louis R. CAPLAN, MD 
Boston, Mass 


Huntington’s Disease 


By Peter S. Harper, 456 pp, with illus, 
$92, Philadelphia, Pa, WB Saunders Co, 
1991. 


Huntington's Disease is a comprehen- 
sive book designed for both clinician 
and scientist. Neurologic, psychiatric, 
and epidemiologic issues are dis- 
cussed in equal depth; sections in- 
volving genetic counseling and the 
unique social concerns of the patient 
with Huntington’s disease are pre- 
sented with sensitivity. The back- 
ground and current status of genetic 
testing is described with clarity and 
brevity, while the ethical issues such 





testing raises are thoughtfully consid- 
ered. The rationale for and experience 
with pharmacologic treatment of 
Huntington’s disease is included as 
are practical suggestions for the care- 
giver. The appendices include a list of 
voluntary societies concerned with 
Huntington’s disease throughout the 
world. This thorough review is a 
valuable resource for the neurologist, 
psychiatrist, or researcher interested 
in this disease. 

THERESA DIMITSOPULOS, MD 

Rochester, NY 


The Biochemical Basis of 
Neuropharmacology 


By Jack R. Cooper, Floyd E. Bloom, and 
Robert H. Roth, 454 pp, $45, New York, 
NY, Oxford University Press, 1991. 


This is the sixth edition of the classic 
book that provides an introductory 
overview to neuropharmacology. As 
with earlier editions, this work is no- 
table for its clarity, easy reading style, 
and the high quality of the extensive 
figures and tables. The early chapters 
provide an excellent introduction to 
general neuroscience as well as to ba- 
sic neuropharmacology. Particularly 
good in this regard are the sections 
dealing with molecular foundations 
of neuropharmacology, receptors, 
and second messenger systems. 

The strength of The Biochemical Ba- 
sis of Neuropharmacology continues to 
be its comprehensive summary of 
classic neurotransmitters and their 
receptors, with descriptions of even 
some of the most recently described 
receptors such as the D3, D,, and Ds 
dopamine receptors. The chapters on 
acetylcholine, norepinephrine and 
epinephrine, dopamine, serotonin, 
and histamine are all outstanding. 

The chapter dealing with amino 
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acid transmitters is not quite as com- 
prehensive but still provides a good 
synopsis for the beginning student. In 
contrast, the chapter on neuroactive 
peptides and the section relating to 
phospholipids are less comprehen- 
sive and do not do full justice to these 
rapidly developing fields. The lim- 
ited description of neurotransmitter 
abnormalities in disease states is 
somewhat uneven with, for example, 
little reference to the extensive litera- 
ture relating to the proposed role of 
glutamate receptors in acute central 
nervous system injury or in neurode- 
generative disorders. 

Despite these minor concerns, The 
Biochemical Basis of Neuropharmacology 
remains as perhaps the best introduc- 
tory book for students of neurophar- 
macology. It is highly recommended 
for medical students, graduate stu- 
dents, and residents in the clinical 
neurosciences. 

ALAN I. FADEN, MD 
Washington, DC 


Migraine and Other 
Headaches: The Vascular 
Mechanisms 


Edited by Jes Olesen, 384 pp, $90, New 
York, NY, Raven Press, 1991. 


This impressive book provides state- 
of-the-art knowledge concerning the 
vascular changes that occur in head- 
ache and their relationship to cerebral 
neuronal dysfunction (particularly 
“spreading depression”) in the patho- 
physiology of the phenomenon of 
migraine. This is a narrow focus but 
one that is of great importance, par- 
ticularly in migraine with aura. Sep- 
arate sections of the book deal with 
experimental studies on migraine 
with aura, migraine without aura, 
cluster headaches, and a few of the 
other headache syndromes. In most 
sections, studies during attacks and 
in interictal periods are reported. 
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Several of the leading groups in 
the field present and discuss data 
using a wide variety of techniques, 
eg, xenon 133 inhalation, intraca- 
rotid xenon 133, single photon 
emission computed tomography, 
and transcranial Doppler ultra- 
sonography. Limitations of each of 
these methods as they relate to mi- 
graine are frequently discussed. In 
the section on migraine with aura, 
the relationship of the pathophysio- 
logic phenomenon of _ cortical 
spreading depression to cerebral 
blood flow is explored in particu- 
larly great detail in the experimen- 
tal animal and in human subjects. 

One excellent aspect of this book is 
that conflicting results are presented 
in detail in each section; a summary 
follows each section discussing these 
controversies and their possible reso- 
lution. The new technology of study- 
ing cerebral vascular mechanisms as 
they relate to migraine has advanced 
at a breathtaking pace. Migraine and 
Other Headaches: The Vascular Mecha- 
nisms is essential for anyone who 
wishes to know where we are con- 
cerning the relevance of cerebral 
blood flow and its measurement to 
headache. 

DEWEY K. ZIEGLER, MD 
Kansas City, Kan 


Guillain-Barré Syndrome 


By Richard A. C. Hughes, 308 pp, with 
illus, $142, New York, NY, Springer- 
Verlag NY Inc, 1991. 


Guillain-Barré Syndrome revives an 
old tradition—a single-authored 
book by an expert in a particular dis- 
ease process. Professor Hughes has 
had a long interest in the Guillain- 
Barré syndrome. In addition, he has 
personally carried out studies that 
involve the spectrum from clinical 
trials to basic studies of possible im- 
munologic mechanisms in animal 
models. Thus, he is uniquely quali- 


fied to write an overview that in- 
cludes epidemiology, clinical aspects 
of the disease (including therapy), 
and a discussion of animal models 
and basic disease mechanisms. 

The Guillain-Barré syndrome has 
intrigued many neurologists for a va- 
riety of reasons. It is one of the few 
diseases that can take a previously 
healthy person to a state of being to- 
tally paralyzed and respirator depen- 
dent in a matter of hours to days. Un- 
like most diseases with a presumed 
immunologic basis, it is a self-limited 
disease. With proper attention to res- 
piratory support and supportive 
care, many patients make good-to- 
excellent recoveries, sometimes in 
spectacular fashion. For those in- 
volved, it is an extraordinarily fright- 
ening experience. For those interested 
in the pathophysiology of disease, it 
has been, and remains, a challenge. 

Dr Hughes covers all of these as- 
pects of this intriguing disease pro- 
cess. He has been a participant in a 
number of individual and collabo- 
rative studies and has been an ac- 
tive contributor to a number of in- 
ternational meetings about this 
disease. Thus, his book reflects not 
only his own personal experience 
but also a consensus concerning the 
various aspects of the treatment, 
management, and possible mecha- 
nisms of disease. A particularly use- 
ful section, uncommon in a medical 
textbook, is a brief section entitled 
“A Short Guide for the Patient, Rel- 
ative, and Friend.” 

Who should have this bobok—well, 
anyone who is going to be involved 
with the care or study of patients 
with the Guillain-Barré syndrome. 
Thus, I would recommend it to all 
neurologists-in-training, those asso- 
ciated with intensive care units, and 
the libraries of all academic neurol- 
ogy groups. This book is an excellent 
contribution to the neurology litera- 
ture and I recommend it highly. 

Guy M. MCKHANN, MD 
Baltimore, Md 
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Mitochondrial Myopathy 
or Chronic Inflammatory 
Demyelinating 

Polyneuropathy (CIDP)? 


To the Editor—Bernsen and cowork- 
ers! recently described a patient in 
whom they found a defect in mito- 
chondrial complex 1 and carnitine de- 
ficiency in skeletal muscle. However, 
the clinical features of their patient 
suggest CIDP. These features include 
the course (progression over 3 months 
from normal to severely disabled); 
areflexia; slowing of motor nerve con- 
duction to a degree that suggested 
primary demyelination (presuming 
compound muscle action potential 
amplitudes were not significantly de- 
creased—information not provided in 
the article)’; and the elevated level of 
the cerebrospinal fluid protein. Prox- 
imal weakness is not uncommon in 
CIDP. Normal sensory conduction 
does not exclude the diagnosis, and, 
although normal histologic appear- 
ance of the sural nerve is unusual, it 
should not be incompatible with CIDP 
since the lesions are commonly mul- 
tifocal and may preferentially involve 
motor fibers. The targetoid fibers and 
small angular fibers in the soleus mus- 
cle suggest denervation. 

Convincing evidence of myopathy 
is lacking. The electromyographic ab- 
normalities were predominantly neu- 
rogenic; the changes in the quadri- 
ceps that were described by the au- 
thors sound nonspecific; and the level 
of creatine kinase was normal. I do 
not think that the number of lipid 
droplets in their electron micrograph 
is abnormal, and electron microscopy 
should be more reliable than Sudan 
black staining for assessing this. 

The patient’s apparent response to 
treatment may have another explana- 
tion. Chronic inflammatory demyeli- 
nating polyneuropathy is known to 
relapse and remit, and spontaneous 
recovery may have occurred, rather 
than a therapeutic response. 

The results of their biochemical 
studies are interesting, but I notice 
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that the authors only used skeletal 
muscle specimens from patients with- 
out known neuromuscular disease for 
control specimens. Disease control 
specimens (including denervated 
muscle) would have been useful. 

DAVID A. KRENDEL, MD 

The Emory Clinic 

Section of Neurology 

1365 Clifton Rd NE 

Atlanta, GA 30322 


1. Bernsen PL, Gabreéls FJ, Ruitenbeek W, 
Sengers RC, Stadhouders AM, Renier WO. Suc- 
cessful treatment of pure myopathy, associated 
with complex 1 deficiency, with riboflavin and 
carnitine. Arch Neurol. 1991 ;48:334-338. 

2. Cornblath DR. Electrophysiology in 
Guillain-Barré syndrome. Ann Neurol. 1990;27 
(suppl):S17-S20. 


In Reply—Krendel supposes that the 
patient whom we described' might 
have been suffering from chronic in- 
flammatory demyelinating polyneu- 
ropathy (CIDP). Initially, this disor- 
der has ranked high in our 
differential diagnostic considerations 
and investigations (including sural 
nerve biopsy) were directed to con- 
firm or exclude this condition. How- 
ever, the combination of the clinical 
signs and the results of additional 
investigations, such as symmetric 
proximal muscle weakness, normal 
sensation, normal sensory action po- 
tentials and latencies, normal histo- 
logic appearance of the sural nerve, 
and the absence of relapse to date, 
features that are individually rarely 
encountered in patients with CIDP, 
has made us reject the diagnosis of 
CIDP. We have reviewed our pa- 
tient’s muscle biopsy specimens, and 
we persist in our opinion that the 
quadriceps muscle specimen shows 
evidence of lipid storage on Sudan 
black stain and electron microscopic 
studies. The soleus biopsy specimen, 
on the contrary, showed evidence of 
denervation consistent with neurop- 
athy that may be associated with mi- 
tochondrial disease. Mitochondrial 
respiratory chain enzyme activities 
have been determined in the quadri- 
ceps muscle biopsy specimen that 
showed no evidence of neurogenic 
involvement. So, we believe that the 





enzyme activity levels were not in- 
fluenced by a primary neurogenic 
process. Furthermore, in our experi- 
ence, respiratory chain enzyme activ- 
ities in denervated muscle do not 
show a specific single enzyme defect. 
The quadriceps muscle biopsy speci- 
men showed a severe carnitine defi- 
ciency that is, to our knowledge, not 
found in CIDP. An increased creatine 
kinase level is infrequently found in 
cases of mitochondrial myopathy, so 
a normal level does not exclude this 
condition. In our opinion, the correct 
diagnosis remains a mitochondrial 
myopathy due to complex I defi- 
ciency, the more because our patient 
does not fulfill the mandatory diag- 
nostic criteria of CIDP that, among 
others, require exclusion of associ- 
ated or systemic disease.’ 

P. L. J. A. BERNSEN, MD 

F. J. M. GABREELS, MD, PHD 

W. RUITENBEEK, PHD 

H. J. TER LAAK, PHD 

Department of Child 

Neurology 
Institute of Neurology 
St Radboud University 
Hospital 

PO Box 9101 

6500 HB Nijmegen 

the Netherlands 


1. Bernsen PL, Gabreéls FJ, Ruitenbeek W, 
Sengers RC, Stadhouders AM, Renier WO. Suc- 
cessful treatment of pure myopathy associated 
with complex 1 deficiency, with riboflavin and 
carnitine. Arch Neurol. 1991 ;48:334-338. 

2. Ad Hoc Subcommittee of the American 
Academy of Neurology AIDS Task Force. Neu- 
rology. 1991;41:617-618. 


Visual Evoked Potentials 
and Intracranial Pressure 


To the Editor —I read with interest the 
article by Connolly et al, entitled 
“Rapid Recovery From Cortical Vi- 
sual Impairment Following Correction 
of Prolonged Shunt Malfunction and 
Congenital Hydrocephalus.”' The au- 
thors indicated that the three patients 
had long periods of elevated intra- 
cranial pressure secondary to shunt 
malfunction. They did not indicate 
how they knew that the pressure lev- 
els were elevated. Perhaps the patients 


Letters to the Editor 1111 


had prolonged periods of shunt mal- 
function leading to an increase in in- 
tracranial pressure because of the re- 
luctance to invasively measure intra- 
cranial pressure. The authors did men- 
tion that visual evoked potentials were 
used for evaluations of the patients, 
but they did not indicate how these 
were obtained. Visual evoked poten- 
tials have been found helpful in non- 
invasively estimating intracranial 
pressure levels in patients with acute 
hydrocephalus in shunts.”° 

CLARK WATTS, MD 

Department of Neurosurgery 

Maryland Institute for 

Emergency Medical 
Services Systems 

Room TBR58 

22 S Greene St 

Baltimore, MD 21201-1595 


1. Connolly MB, Jan JE, Cochrane DD. Rapid 
recovery from cortical visual impairment follow- 
ing correction of prolonged shunt malfunction in 
congenital hydrocephalus. Arch Neurol. 1991; 
48:956-957. 

2. York DH, Pulliam MW, Rosenfeld JG, Watts 
C. Relationship between visual evoked potentials 
and intracranial pressure. J Neurosurg. 1981;55: 
909-916. 

3. York DH, Legan M, Benner D, Watts C. 
Further studies with a non-invasive method of in- 
tracranial pressure estimation. Neurosurgery. 
1984;14:456-461. 


In Reply.—All three children described 
in our article’ were followed up by a 
pediatric neurosurgeon who obtained 
computed tomographic scans of the 
head before and after each shunt re- 
vision and also during follow-up. The 
lateral ventricles were dilated before 
and reduced in size after surgery. One 
child had chronic intracranial pres- 
sure monitoring before revision, and 
the pressure level was elevated. Vi- 
sual evoked potential studies were 
done in all children but, unfortunately, 
not consistently both before and after 
shunt revision. 

M. B. CONNOLLY, MB, MRCPI, 

MRCP(UK) 

J. E. JAN, MD, FRCPC 

D. D. COCHRANE, MD, FRCSC 

Children’s Hospital 

4480 Oak St 

Vancouver, British Columbia 

Canada 

V6H 3V4 


1. Connolly MB, Jan JE, Cochrane DD. Rapid 
recovery from cortical visual impairment follow- 
ing correction of prolonged shunt malfunction in 
congenital hydrocephalus. Arch Neurol. 1991; 
48:956-957. 
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Cardiovascular 
Investigation in Elderly 


Patients With Transient 
Unresponsiveness 


To the Editor —Haimovic and Beres- 
ford' described five cases of transient 
unresponsiveness in elderly subjects. 
They claimed that those episodes 
“could not be explained by metabolic, 
structural, convulsive, or psychiatric 
disease,” and that the speculation 
about the causes included “diffuse ce- 
rebral ischemia, atypical generalized 
seizures, and a form of sleep disor- 
der.”' Electroencephalographic find- 
ings are against psychiatric disorders, 
epileptic seizures, as well as pro- 
longed postictal encephalopathies.’ 
Furthermore, there is no evidence, 
based on history or clinical findings, 
to support the sleep disorder hypoth- 
esis. Some of the patients described’ 
had risk factors for cardiovascular 
disease (patients 2, 4, and 5), one pa- 
tient died of sudden death (patient 4), 
and one patient was admitted because 
of the presence of congestive heart 
failure (patient 5). Thus, diffuse cere- 
bral ischemia seems to be a likely 
cause of the episodes reported, at least 
in some cases. It is well known that 
cardiac dysrhythmias may be a cause, 
in elderly subjects, of transient unre- 
sponsiveness.” In some of these cases, 
Holter monitoring can identify perti- 
nent arrhythmias despite the presence 
of a normal standard electrocardio- 
gram. Acute hypotension, due to 
chronic hypovolemia, and failure of 
cerebral autoregulation, especially if 
associated with carotid or vertebral 
severe stenosis, are thought to be 
other relevant causes of transient focal 
or diffuse cerebral dysfunction in eld- 
erly subjects.°” From among their pa- 
tients, Haimovic and Beresford listed 
only one in whom “an ECG [electro- 
cardiogram] was normal,” but no pa- 
tient was registered continuously; pa- 
tient 1 was also the only one who had 
a 24-hour electroencephalographic 
monitoring performed, and patient 3 
was the only one in whoma carotid an- 
giographic evaluation was per- 
formed.' We think that, in some of 
these cases, a continuous monitoring 
of arterial blood pressure, electroen- 
cephalography, and electrocardio- 
graphy, along with an evaluation of 
the state of the supra-aortic vessels (ie, 
Doppler examination) might be nonin- 


vasive tests helpful in trying to identify 
the cause of the disorder of conscious- 
ness. In particular, Holter monitoring 
should be a routine investigation in 
elderly patients presenting with epi- 
sodes of transient unresponsiveness. 

ALBERTO PRIMAVERA, MD 

MASSIMO DEL SETTE, MD 

Department of Neurology 

University of Genova 

Via de Toni 5 

16132 Genova, Italy 


1. Haimovic IC, Beresford RB. Transient unre- 
sponsiveness in the elderly: report of five cases. 
Arch Neurol. 1992;49:35-37. 

2. Biton V, Gates JR, Sussman L. Prolonged 
postictal encephalopathy. Neurology. 1990;40: 
963-966. 

3. McCarthy ST, Wollner L. Cardiac dysrhyth- 
mias: treatable cause of transient cerebral dys- 
function in the elderly. Lancet. 1977;1:202-203. 

4. Jonas S, Klein |, Dimant J. Importance of 
Holter monitoring in patients with periodic cere- 
bral symptoms. Ann Neurol. 1977;1:470-474. 

5. Wollner L, McCarthy ST, Soper NDW, 
Macy DJ. Failure of cerebral autoregulation as a 
cause of brain dysfunction in the elderly. BMJ. 
1979;1:1117-1118. 

6. Mitchinson MJ. The hypotensive stroke. 
Lancet. 1980;1:244-246. 

7. Sulkava R, Erkinjuntti T. Vascular dementia 
due to cardiac arrhythmias and systemic hypoten- 
sion. Acta Neurol Scand. 1987;76:123-128. 


In Reply.— We appreciate the observa- 
tions of Primavera and Del Sette about 
the possibility that the reported’ epi- 
sodes of unresponsiveness were caused 
by diffuse brain ischemia secondary to 
cardiac dysrhythmias. While we con- 
sidered this possibility, evidence to 
support it was lacking. During unre- 
sponsiveness, the patients’ electrocar- 
diograms revealed no dysrhythmias, 
and at no time during their hospitaliza- 
tions were dysrhythmias observed (in- 
cluding time of the Holter monitoring 
in one patient). This does not totally ex- 
clude the possibility that each episode 
was triggered by a transient dysrhyth- 
mia that did not persist into the often 
quite prolonged periods of unrespon- 
siveness. But we believe that these ob- 
servations weigh strongly against that 
possibility. Moreover, despite long pe- 
riods of unresponsiveness (up to 5 
hours), none of the patients exhibited 
new neurologic findings on regaining 
responsiveness, as we would have ex- 
pected had they sustained brain is- 
chemia severe enough to cause unre- 
sponsivness of this duration. 

ITZHAK C. HAIMOVIC, MD 

RICHARD BERESFORD, MD 

Manhasset, NY 

1. Haimovic IC, Beresford RB. Transient unre- 

sponsiveness in the elderly. Arch Neurol. 1992; 
49:35-37. 
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Human T Lymphotropic Virus 
Type I-Associated Myelopathy 


A Report of 10 Patients Born in the United States 


William A. Sheremata, MD; Joseph R. Berger, MD; William J. Harrington, Jr, MD; 
D. Ram Ayyar, MD; Mark Stafford, MD; Elaine DeFreitas, PhD 


e Human T lymphotropic virus type | (HTLV-I)—associated 
myelopathy (HAM) (tropical spastic paraparesis/HAM) has 
rarely been reported in the United States. We present 10 
well-documented cases with positive Western immunoblot 
test results and polymerase chain reactions for HTLV-I. The 
clinical and laboratory features of these American-born pa- 
tients resemble those previously reported series of tropical 
spastic paraparesis and HAM from the Caribbean and Japan, 
but important differences were observed. In our study there 
were equal numbers of whites and blacks and of men and 
women. Age at onset was younger than that reported from 
the Caribbean and Japan. Rate of progression to paraparesis 
varied but was more rapid than previously reported. Half 
were transfusion recipients but six had multiple sexual part- 
ners, with one regularly interacting with prostitutes and re- 
porting a history of drug abuse. Although more rapid pro- 
gression was seen in the transfusion recipients, this did not 
explain the earlier age of onset in this group of patients. The 
HTLV-I, and the associated myelopathy, are endemic in Flor- 
ida, suggesting that immigration from, and proximity, to the 
Caribbean basin are contributing risk factors. 
(Arch Neurol. 1992;49:1113-1118) 


oe rere’ spastic paraparesis was a commonly en- 

countered problem in the West Indies a century ago.’ 
Although described as a neuritis' and Jamaican neuropathy, 
increasing recognition of spastic paraparesis in the tropics 
led to use of the term tropical spastic paraparesis (TSP).*’ 
Gessain and coworkers’ fortuitous finding in 1985 that 
59% of TSP serum samples from the Caribbean island of 
Martinique contained antibodies to human T lymphotro- 
pic virus type I (HTLV-I) sparked interest in this poorly 
understood syndrome. The association of HTLV-I with a 
progressive myelopathy (HTLV-I-associated myelopathy 
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[HAM] ) in Japan’ and elsewhere” buttressed the hy- 
pothesis that the virus is important in the pathogenesis of 
the spastic paraparesis. Virus identification in peripheral 
blood lymphocytes and cerebrospinal fluid (CSF) cells by 
electron microscopy,''”* in vitro enzymatic gene amplifi- 
cation techniques,”’* and virus culture” have firmly es- 
tablished an etiologic role for HTLV-I in this clinical illness. 
Twelve American-born patients with TSP/HAM have 
been reported,”'***° four from New York,” three from 
Texas,” and one each from South Carolina,” California,” 
Pennsylvania,” and Alabama.” In addition there are seven 
with a myelopathy who are coinfected with the human 
immunodeficiency virus type 1 (HIV) and HTLV-I.” One 
patient in our series was partially documented previ- 
ously.” Janssen et al” included 12 American patients, some 
previously reported, but have added at least three new 
patients (one each from Georgia, North Dakota, and 
Alaska). In this article we describe the clinical and labora- 
tory findings of 10 Americans living in South Florida with 
an HTLV-I-associated progressive spastic paraparesis. 


PATIENTS, MATERIALS, AND METHODS 
Patients 


Ten patients with progressive myelopathy and HTLV-I/II se- 
rum antibody were seen at the University of Miami/Jackson (Fla) 
Memorial Hospital Medical Center between April 1986 and Sep- 
tember 1989. Two had extensive prior documentation and one 
(case 8) has been reported,” in part. Presenting complaints 
included stiffness and difficulty walking in six, prominent back 
or leg pain in three, and lower extremity paresthesias in four. Two 
had been diagnosed as progressive multiple sclerosis after exten- 
sive evaluation elsewhere but were HTLV-I/II seropositive on 
referral. Two others, one with a severe, rapidly progressive dis- 
ease, were referred from the regional blood bank as “HTLV-I an- 
tibody positive.” All were well nourished. 

A complete medical history and examination were obtained 
with details of sexual practices, transfusions, drug use, and travel 
history, as well as place of birth and residence. Seven patients 
were healthy prior to the onset of their myelopathy. Two received 
many transfusions during previous surgery; one for a coronary 
artery bypass graft and the other for a splenorenal shunt for al- 
coholic cirrhosis. Another had a liver biopsy in 1968 that led to the 
diagnosis of nontuberculous granulomatous disease. Kurtzke 
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Table 1 .—Age of Presentation and of Onset of American Cases of Tropical Spastic Paraparesis/HAM* 


Age, y/onset age, y 78/78 44/38 41/28 49/47 59/57 39/32 57/47 55/51 52/50 62/61 

Sex M M F F F M M F M F 

Place of birth NY NY Alabama Georgia NY Florida Ohio SC Puerto Rico Alabama 

Years in Florida 15 20 23 44 29 39 2 38 25 21 

Ancestry Jewish Italian- African- African- African- African- English African- Puerto- African- 
Irish American American American American American Rican American 



















*HAM indicates human T lymphotropic virus type l-associated myelopathy. 


Expanded Disability Status Scale rating of disability was assigned 
on initial evaluation. 


Clinical Diagnosis of TSP/HAM 


The criteria of Roman et al? were employed as clinical guide- 
lines for patient identification. None gave a history of difficulty 
walking or running during school age. Sphincter problems were 
evident in all with constipation and varying degrees of urinary 
frequency. Spastic weakness of both lower extremities, although 
often asymmetrical at onset, was a regular finding and all expe- 
rienced leg cramps and/or low back pain. No clear history of re- 
lapses was obtained, but one woman did have upper extremity 
tremor on examination that subsequently disappeared. 

A diagnosis of retrovirus type I-associated myelopathy, TSP/ 
HAM, was accepted if the above criteria were met and they were 
seropositive for HTLV-I/II antibody, confirmed by Western im- 
munoblot assay. Immunosorbent assays were used for screening 
serum samples (Biotech Research Laboratories, Rockville, Md). 
Confirmatory Western immunoblot assays for antibodies to 
HTLV-I/II P19, P24, Gp46, and other viral protein antigens were 
performed on all specimens (Micro Reference Laboratories, 
Cypress, Calif). These tests, based on lysates of the cell line HUT- 
102, were used for Western immunoblot testing in Miami except 
in case 9; whereas testing in Philadelphia used sucrose-banded 
purified HTLV-I as the antigen (nine were positive, case 5 was not 
done). Except for case 7 each case was confirmed independently 
in at least two laboratories. Case 7 was negative with tests based 
on HUT-102 lysate antigens. Cerebrospinal fluid was obtained in 
nine patients (case 5 refused) and was studied by Western immu- 
noblot assay. All serum samples and CSF were studied in dupli- 
cate and repeated if not consistent. Three bands corresponding to 
the protein products of at least two genes of HTLV-I were 
required for virus identification. 


Intrathecal IgG Synthesis Rates 


IgG and albumin values in CSF and serum samples from eight 
cases allowed calculation of intrathecal IgG synthesis rates (nor- 
mal, -3.0 to +3.0).* 


Polymerase Chain Reaction 


Except for cases 5 and 7, polymerase chain reaction was carried 
out on peripheral blood and CSF cells in two independent labo- 
ratories by two of us (W,J.H. and E.D.) as previously reported.” 
One milligram of DNA, 20 mmol/L magnesium chloride, 50 U of 
potassium chloride, 10 mmol/L of TRIS hydrochloride (at a pH 
of 8.3), 200 um each of deoxyadenosine triphosphate, deoxycy- 
tosine triphosphate, deoxyguanine triphosphate, and thymidine 
triphosphate. One micromole each of the pol or env oligonucle- 
otide primers, and 2 U of Taq polymerase (USB, Cleveland, Ohio) 
in a total volume of 100 uL. The primer pairs used were derived 
from conserved sequences of the HTLV-I pol, env and gag genes. 
The sequences of pol primers are: SK54: 5'CTTCACAGTCTC- 
TACTGTGC 3'; SK55: 5' GACAGTGTCTTGACGGCGTCA 3'. 
This primer pair generates a diagnostic 118—base-pair amplified 
DNA fragment. The sequence of the env primers was ENV1: 5' 
CTCCCTTCTAGT-CGACGCTCCAGG 3'; ENV2: 5' GCCACCG- 
GTACCGCTCGGCGGGAG 3'. This primer pair generates a 
diagnostic 444 base-pair fragment. No cross-reactivity to HTLV-II 
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has been found with either primer pair. The HTLV-I pol and env 
primer pairs were both used in each case to determine HTLV-I 
infection (except cases 5 and 7). Controls included DNA from an 
HTLV-I-negative individual and an acute T-cell leukemia- 
infected cell line. Reactions containing no DNA were routinely 
included as reagent controls. Amplification (30 cycles) was reg- 
ularly performed in a DNA Thermal Cycler (Perkin Elmer, Nor- 
walk, Conn, and Cetus, San Francisco, Calif), as previously. The 
HTLV-I primers for gag and env described by Reddy et al” were 
used in Philadelphia. 


Screening for HIV-I, Syphilis, and Other Diseases 
The HIV-1 screening was carried out in all patients using a 
competitive enzyme-linked immunoadsorbent assay (Abbott 
Laboratories, North Chicago, Ill); none were positive. Additional 
testing, including serum vitamin By, folic acid, VDRL, and fluo- 
rescent treponemal antibody absorption, was obtained in all 
cases. 


Magnetic Resonance Imaging (MRI) 

An MRI was performed using a Picker 0.5- or 1.5-Tesla super- 
conducting unit. Images of the brain were obtained in seven, cer- 
vical spine in seven, thoracic spine in four, and lumbar spine in 
four cases. Previous MRIs in three, cervical myelograms in three, 
cranial computed tomographic scans in two, as well as evoked 
potentials in three cases were also reviewed. 


Nerve Conduction (NCV) and Electromyography (EMG) 


Studies of peroneal, posterior tibial nerves and sural nerves and 
EMG were performed in four subjects with sensory complaints 
and studies were limited to the upper extremities in one other. 


RESULTS 
Ethnic Origin, Sex, and Age 


Five patients were white and five were black. Four of the 
white subjects were men and one was a woman. One of the 
white men was born in Puerto Rico. Four of the black sub- 
jects were women and one was a man. The mean age of 
onset was 49 years (range, 28 to 78 years), with a duration 
of illness of 5.5 years (range, 1 to 11 years) prior to our 
evaluations. Many south Floridian blacks are of Bahamian 
descent. Cases 3, 4, 6, and 10 from Florida and Alabama 
were probably of Bahamian ancestry and case 8 may have 
been of French Caribbean descent (Table 1). 


Residence and Travel 


Eight of the 10 patients had lived in Florida for 15 or 
more consecutive years prior to the onset of symptoms. 
Case 9 was born in Puerto Rico and had lived in Miami for 
more than 20 years. Another (case 7) had traveled exten- 
sively about the Caribbean, living in the Virgin Islands 
several years prior to the onset of his symptoms. 
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Case 1 2 3 









Asymmetrical onset 


Muscle stretch reflexes 







Upper extremity 3+ 3+ 3+ 
Lower extremity 4+ 4+ 4+ 
Sensory 
Distal pinprick/ T3 sensory 
temperature level NL Decrease 
Distal proprioception NL Decrease 






*Normal (NL) reflexes are 2+; none shown (No); 3+ indicates increased reflexes; and 4+, presence of clonic reflexes. Sensory loss to pinprick, tem- 


perature, and proprioception are shown for each case. 


Mode of HTLV-1 Transmission 


Five patients had histories of transfusion. Cases 1 
through 3 and 5 underwent transfusions 1.5, 2.5, 6, and 38 
years before onset of symptoms. Case 4 underwent trans- 
fusion at surgery for incapacitating back pain, attributed to 
trauma before onset of spasticity and weakness. Back pain, 
which may accompany HTLV-I infection,'*'* predated her 
transfusion and surgery alleviated her pain. Importantly, 
she had been married to a Jamaican and had multiple sex- 
ual partners as well. Case 5 had a remote history of trans- 
fusion, and also had multiple partners. A total of six 
patients (cases 4 through 7, 9, and 10) had multiple sexual 
partners. One of these (case 6) admitted to intravenous 
drug use 12 years prior to the onset of his symptoms and 
sexual intercourse with numerous prostitutes. Two of the 
women (cases 4 and 10) and four men had sexual contact 
with natives from the Caribbean. No risk was identified in 
case 8. Although she thought that she had been breast fed, 
this could not be confirmed. Her husband and children 
were seronegative. Onset consisting of hand tremor, how- 
ever, had followed a febrile illness. 


Clinical Features of Illness 


Seven patients had sensory complaints, three presenting 
with back pain and six had lower extremity paresthesias or 
pain (Table 2). A sensory level at T3 was found in one, the 
only patient with marked loss of proprioception in the 
lower extremities. Paresthesias in the feet and calves in 
four patients was accompanied by distal sensory loss in 
two. Motor problems at onset were less prominent than 
anticipated with only three patients complaining of lower 
extremity stiffness, weakness, or gait dysfunction. While 
upper extremity hyperreflexia was present in eight of our 
patients, strength was preserved in all. Hip flexor weak- 
ness was most prominent in all patients, with knee flexors 
less affected. Six patients were found to have asymmetri- 
cal motor deficits in their records, but our initial evaluation 
revealed symmetrically reduced lower extremity strength 
in three of them and four others. Case 7 continues to dis- 
play marked asymmetry 11 years after onset. Onset of a 
spastic paraparesis in case 8 was preceded by a resting 
tremor of one upper extremity that lasted several months. 

The rate of progression of paraparesis in our TSP/ HAM 
patients varied greatly. In those most severely affected 
(both transfusion recipients—including case 4), a rapid 
decline to a wheelchair-bound state occurred within 3 
months. In contrast an indolent course over 10 years was 
seen in two patients. Six became nonambulatory or had 
severe difficulty with gait within 2 years of onset. At ini- 
tial evaluation all had spastic paraparesis with Expanded 
Disability Status Scale scores varying from 3.0 to 8.0. 
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Table 2.—Asymmetry of Lower Extremity Motor Findings Is Shown for Each Case* 


3+ 2+ 3+ 3+ 3+ 2+ 3+ 
3+ 3+ 4+ 4+ 3+ 4+ 3+ 
NL NL NL NL NL NL NL 
NL NL Decrease NL NL NL NL 


4 5 6 7 8 9 10 


All men experienced urinary frequency and became 
sexually impotent concomitantly with onset of their gait 
disturbance. One patient (case 3), however, progressed 
from urinary urgency to incontinence over a 2-month pe- 
riod, 10 years after the onset of her paraparesis. 


LABORATORY FINDINGS 
CSF 


A mild mononuclear CSF pleocytosis was found in four 
patients (mean, 23 cells per cubic millimeter; range, 10 to 
55 cells per cubic millimeter) and an elevated CSF protein 
was found in three patients (Table 3). The pleocytosis did 
not correlate with any clinical observations. Intrathecal IgG 
synthesis was increased in six patients, and an impaired 
blood brain barrier was indicated by significant negative 
synthesis rates (<—3.0 g/24 h) in two others. The five with 
the highest synthesis rates (14.9 to 35 mg/24 h) had more 
rapid progression and greater disability, as was true for the 
two with impaired blood brain barrier. The CSF HTLV-I/TI 
antibody was detected in all nine cases that were tested. 
Case 5 refused lumbar puncture. Except for cases 5 and 7, 
proviral DNA was extracted from CSF cells and demon- 
strated by polymerase chain reaction. Case 1 had HTLV-I 
sequences demonstrated in another laboratory. VDRL re- 
actions were negative in all nine CSF samples. 


HIV-1 and Other Laboratory Findings 


No patient had antibody to HIV and only one patient 
(case 6) had an abnormally depressed CD4:CD8 (T-helper/ 
T-suppressor) ratios. This did not correlate with any clin- 
ical manifestations. A positive serum fluorescent trepone- 
mal antibody absorption was present in two patients but 
a CSF pleocytosis was absent and both had a nonreactive 
CSF VDRL. Cerebrospinal fluid specimens from of these 
two patients contained HTLV-I/II antibody and specific 
for HTLV-I specific DNA. Both were treated with paren- 
teral penicillin over a 3-week course without any effect on 
their clinical pictures. Serum vitamin B, and folate levels 
were normal. 


MRI Scans 


Magnetic resonance imaging of the brain was abnormal 
in only two patients. Case 2 had two deep white matter T2 
lesions and case 8, with a history of tremor, had bilateral 
T2 signal abnormalities in the periventricular hemispheric 
and cerebellar white matter. Of seven patients who under- 
went MRI of the spinal cord, none had signal abnormality 
within the cervical spinal cord. Insignificant cervical 
spondylosis was present in cases 4 and 7. 
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Table 3.—Laboratory Findings in American Cases of Tropical Spastic Paraparesis/HAM* 


CSF 
Pleocytosis 10 mono ND 3 mono 1 mono 11 mono 
Protein, mg/dL ND 29 90 33 
IgG index ND 0.77 1.4 2.20 
IgG synthesis i : ND 4.25 14.9 35 
VDRL ND NR 
HTLV-I ND 


MRI 
Brain ND 
Cervical ND 
Thoracic ND 
Lumbar ND 


Serum 
HIV NR 
VDRL/FTA NR/POS 
TH/TS ND ; w 


*Cerebrospinal fluid (CSF), magnetic resonance imaging (MRI), and serological findings are shown for each of 10 patients. Case numbers are the 
same as in Table 1. Mono indicates mononuclear leukocytes; ND, not done; NR, not reactive; NL, normal; ABN, abnormal; POS, positive; HTLV-I, 
human T lymphotropic virus type l; HAM, HTLV-I-associated myelopathy; HIV, human immunodeficiency virus; FTA, fluorescent treponemal an- 
tibody; TH, thyroid hormone; and TSH, thyroid stimulating hormone; and DJD, degenerate joint disease. IgG index is the CSF IgG; albumin ratio 
and IgG synthesis are per 24 hours calculated using the Tourtellotte formula. The HTLV-I plus sign indicates HTLV-I/II antibody status was positive 





by Western immunoblot assay. 


Electrophysiologic Studies 


The NCV and EMG studies were carried out in the right 
leg of five patients. Peroneal distal NCV averaged 44.5 m/s 
(normal, 47.8+4.6 m/s). Tibial (three subjects) distal NCV 
averaged 46 m/s (normal, 49.5+4.6 m/s). Sural nerve la- 
tencies averaged 3.9 m/sec (normals, 3.4+0.32 m/s), but 
was absent in case 4. Her right tibialis anterior muscle ex- 


without sensory symptoms, amyotrophic lateral sclerosis 
may be diagnosed.” Yamamoto et al published the 
necropsy findings in a 28-year-old black American woman 
with a progressive myelopathy, where TSP/HAM had 
been diagnosed as multiple sclerosis. As reported 
elsewhere,*® lues was dismissed despite positive serologic 
findings in two of our subjects, because of the absence of 


hibited polyphasic motor unit potentials and scattered a CSF pleocytosis, a nonreactive CSF VDRL, failure of 4 
positive sharp waves and fibrillation potentials; findings penicillin treatment to alter progression, and, most impor- 
interpreted as evidence of a radiculopathy, secondary to tantly, the detection of proviral DNA in CSF cellular DNA 
her previous back injury. The NCV and EMG studies in extracts. However, a possible role of treponemal infection 
four other subjects failed to reveal a neuropathy despite the as a cofactor must be considered.*” No evidence of other 
presence of paresthesias. Two of three patients tested infection, parasitic infestation, or lymphoma/leukemia 
(cases 1 and 8) had abnormal evoked potentials, one (case Was found in our patients, clearly indicating that neuro- 
8) had abnormal brain-stem auditory evoked responses, logic impairment in TSP/HAM was not due to other 

and another, case 1, had abnormalities in both visualand “tropical” disease. 

somatosensory evoked studies. Human T lymphotropic virus type I transmission by 
sex'®°! and by contaminated blood”#5?5 appears to ac- 
COMMENT count for all but one of our cases. Transfusion was notably 
Human T lymphotropic virus type I infection is associ- | more common than in the Centers for Disease Control 
ated with a risk of progressive spastic paraparesis in study,” although sexual contact with individuals from the 
Americans born in and resident in the United States, as | Caribbeans also was common. The only patient who 
seen in other populations.*'*'*!>” In addition to our 10 pa- denied transfusion, risk from drug abuse, or sexual expo- 

tients at least 14 other American have been reported with sure, may have been breast fed. Maternal to child trans- A 


TSP/HAM.7!°°°8 The relatively high prevalence of 
HTLV-I in the south Florida blood supply,” in part, reflects 
a large immigrant population from high-prevalence en- 
demic areas in the Caribbean®® and the endemia in the 
southeastern United States.* The high seroprevalence of 
HTLV-I in prostitutes (3.7%),® chronic hemodialysis re- 
cipients (6.2%), and parenteral drug users (7% to 10%) (B. 
Page, MD, unpublished data, 1991) is indicative of the large 
size of the reservoir of HTLV-I. 

Apparent geographic clustering of TSP/HAM patients 
in south Florida may be artifactual, reflecting a low index 
of suspicion elsewhere. The TSP/HAM resembles the 
“myelopathic” form of multiple sclerosis’°° and tabes,** 
thus in younger and middle-aged populations it may be 
misdiagnosed as multiple sclerosis or as central nervous 
system lues. In older patients cervical spondylosis” or, 
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mission by breast feeding in her and others may be impor- 
tant. Her illness, also, was unusual because of onset with 
a tremor, which remitted, followed by a rapidly progres- 
sive paraparesis. 

Clinical features of TSP/HAM in our patients differed 
from previous reports in several important aspects. The 
mean onset age of 49 years in south Florida is lower than 
the 55 years reported in both Jamaica*’* and Japan.*® Sen- 
sory complaints were less prominent than reported.*7!”>*° 
Back pain is a common presenting complaint in Jamaica‘ 
but uncommon in our patients. A sensory level, frequently 
found in Japanese patients’ but not in Jamaicans,* was 
present in only one case. The infrequency of NCV and 
EMG abnormalities in our patients is similar to reports 
from Japan” and the Seychelles Islands” but are in contrast 
to Bhagavati and coworkers” report of abnormalities in 
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50% of subjects, with a 75% incidence of clinical peripheral 
neuropathy. Mild sensory deficits in TSP/HAM in the 
presence of inflammatory lesions in the peripheral nerve 
have been reported.” Such sensory complaints in the 
absence of neuropathy may reflect posterior column dam- 
age.7!°° 

Motor complaints at onset were less prominent than 
anticipated.**'?"” Although hip flexor weakness was 
prominent,ć” as etry was surprisingly common. Al- 
though reported,*"* such a finding is unfamiliar to most 
neurologists. Also unexpected, upper extremity hyperre- 
flexia with normal strength, was frequent, although de- 
scribed by Ludolph et al. Onset of a spastic paraparesis 
preceded by a resting tremor in one subject resembled a 
similar case we have seen.” Both these patients had prom- 
inent areas of increased T2 signal in cerebellar white mat- 
ter visualized by MRI and also had abnormal brain-stem 
auditory evoked responses. The presence of asymmetrical 
motor deficits or limb tremor, early during illness, does not 
exclude TSP/HAM. 

The variability of progression and disability seen in our 
patients, although reported,**°?'"*" contradicts the com- 
mon view that TSP/HAM progresses slowly over many 
years, eventually stabilizing.*'”'**! In contrast to Roman 
and coworkers’® findings that 62.5% of patients became 
nonambulatory after 10 years, 60% of our American 
patients were quickly incapacitated while 30% progressed 
gradually with similar disability appearing over 6 or more 
years. This variability of prognosis is unexplained, al- 
though genetic factors,” HTLV-I variants,“ quantity of vi- 
ral innoculum and mode of transmission (as in transfu- 
sion)? may be important. Availability of medical care 
and longitudinal observation may be more relevant. 

The TSP /HAM literature includes studies on CSF,” MRI 
of the brain and spinal cord,'°*!* as well as EMG and NCV 
studies.”!°>*” Increased intrathecal IgG synthesis rates are 
present in approximately 75% of patients, with rates as 
high as 127 mg/d.”' A similar proportion (60%) of our pa- 
tients had increased IgG synthesis but the five with the 
highest levels had more rapid progression and greater 
disability. However, the prognostic value of intrathecal 
increased IgG synthesis and impaired blood brain barrier 
will require validation in a larger series. The CSF pleocy- 
tosis, as seen in 30% of our cases, is generally mild and 
mononuclear in type,” and occurs in 15% to 100% of pa- 
tients. Cranial MRI abnormalities, consisting of foci of in- 
creased T2 signal in periventricular white matter, were 
seen in a minority of cases and resembled those described 
previously.'°*!° Absence of spinal cord abnormalities on 
MRI undoubtedly reflects the limitations of the imaging 
techniques available. 10374 

The documentation of endemic HTLV-I infection in the 
southeastern United States,“ together with substantial 
immigration from the Caribbean, contributes to an in- 
creased risk of virus transmission and its consequen- 
ces,2468151638 A long latency for seroconversion” and 
resulting underestimate of the true prevalence of HTLV-I 
infection may mask HTLV-I spread. Our experience sug- 
gests that cases of HTLV-I-associated acute T-cell leuke- 
mia and TSP/HAM will be found in increasing numbers 
throughout the United States. The relative frequency of 
transfusion-associated illness emphasizes the need for 
universal screening of the blood supply. 
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Reduction of the Substantia Nigra Width and Motor 
Decline in Aging and Parkinson’s Disease 


Jestis Pujol, MD; Carme Junqué, PhD; Pere Vendrell, PhD; Josep M. Grau, MD; Antoni Capdevila, MD 


ə We studied the functional significance of the involutional 
and degenerative changes in the substantia nigra as seen on 
magnetic resonance imaging. The width of the pars com- 
pacta correlated with motor performance in both healthy 
elderly subjects and idiopathic Parkinson’s disease groups. 
Patients exhibited significant reduction of the width of the 
pars compacta and the level of this reduction correlated 
strongly with the clinical status evaluated by the Unified 
Parkinson’s Disease Rating Scale. These results suggest that 
pars compacta shrinkage may account for a substantial part 
of the structural substratum of motor decline in the elderly. 
Moreover, an analysis of the relationship of the midbrain 
damage with specific symptoms in Parkinson’s disease could 
contribute to a better understanding of the pathogenesis of 
this degenerative process. 

(Arch Neurol. 1992;49:1119-1122) 

A progressive loss of neurons in the substantia nigra 

pars compacta occurs with advancing age, together 
with a marked functional decline in the nigrostriatal 
dopaminergic system. Normal senescence is accompanied 
by an obvious decrease in spontaneous movement and 
motor skills. Structural changes in the substantia nigra 
probably account to a considerable extent for motor 
impairment in the elderly.' In idiopathic Parkinson’s dis- 
ease, a pathologic process that results mainly from degen- 
eration of the pigmented neurons of the substantia nigra, 
pars compacta shows a decrease in fresh volume of 25% 
(superimposed on age-related attrition’). Patients with 
Parkinson’s disease exhibit extrapyramidal symptoms that 
produce progressive incapacity, surpassing the motor dis- 
turbances occurring in normal aging. Such symptoms are 
clearly related to the dopamine deficiency secondary to the 
degeneration of dopaminergic neurons. 

At present, magnetic resonance imaging (MRI) allows 
the measurement of the major nuclei of the midbrain. 
Shrinkage of the substantia nigra pars compacta is ob- 
served in normal aging’ and a more marked narrowing of 
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this region occurs in Parkinson’s disease.*® The opportu- 
nity to quantify the shrinkage of the main locus of dopa- 
mine allows the study of the relationship, not yet estab- 
lished “in vivo,” between structural changes in the 
substantia nigra and motor efficiency, and thus to contrib- 
ute to the knowledge of the origin of both motor decline 
in old people and symptoms in Parkinson’s disease. 

To study this relationship we performed correlations 
between MRI measurements of the pars compacta and 
motor performance in normal healthy subjects and in pa- 
tients with Parkinson’s disease. We selected the Purdue 
Pegboard, a classic test of motor performance, to quantify 
motor deterioration in both study groups and the Unified 
Parkinson’s Disease Rating Scale (UPDRS) as representa- 
tive of motor impairment of patients. 


SUBJECTS AND METHODS 
Healthy Aged Subjects 


We stressed the selection of a group of optimally healthy sub- 
jects to avoid as far as possible individuals with subclinical dis- 
ease (ie, essential tremor, senile dyskinesia) or subtle brain 
changes associated with vascular risk factors such as leukoarai- 
osis. Selected subjects met the following criteria: (1) age, 65 years 
or older, (2) no history of neurologic or psychiatric disease, (3) 
absence of cerebrovascular risk factors (hypertension or diabetes), 
and (4) normal neurologic examination results. The sample con- 
sisted of 21 subjects (13 men and eight women), with a mean age 
of 69.7+3.2 years (range, 65 to 75 years). 


Parkinson’s Disease 


Twenty-one patients with idiopathic Parkinson’s disease with 
similar demographic characteristics of normal elderly subjects 
were selected from a cohort of parkinsonian patients who regu- 
larly attend the neurology clinic at our hospital. We selected the 
sample according to the following criteria: (1) good response to 
treatment, (2) absence of vascular risk factors (hypertension or 
diabetes), (3) absence of treatment with anticholinergic drugs, and 
(4) absence of dementia according to the Diagnostic and Statistical 
Manual of Mental Disorders, Revised Third Edition criteria.’ The 
groups were composed of 21 subjects (15 men and six women) 
with a mean of age 70.3+4.2 years (range, 65 to 79 years). The 
mean Hoehn-Yahr stage was 2.5+0.8. Duration of disease ranged 
from 2 to 14 years (mean, 5.7+3.5). All subjects had been treated 
chronically with carbidopa-levodopa. Mean daily dose of 
levodopa was 532.1+310.5 mg. 


MRI Analysis 


All MRI scans were performed using a superconducting mag- 
net at a field strength of 1.5 T (Signa System, General Electric, 
Milwaukee, Wis). A field of view of 24 cm, a matrix size of 
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256X256, and a slice thickness of 5 mm were used. The images 
were obtained at an axial plane with defined anatomic references 
from the sagittal plane. We analyzed a single slice in which the 
differentiation between pars reticulata and pars compacta was 
most striking. It was accurately referred in each study to a line 
passing through the superior colliculus and the orbital surface of 
the frontal lobe. We used the third echo (75-millisecond echo time) 
from a multiecho spin echo pulse sequence with a 2000- 
millisecond repetition time and four echoes with a 25-millisecond 
interecho time. 

Images were processed in our laboratory console using a com- 
puter image analysis system (IMCO system developed by Kon- 
tron Bildanalyse, Eching, Germany) and a specific software pack- 
age (MIP-CNS). The data were displayed using a gray scale 
ranging from 0 to 255 on a 256X256 matrix. Determination of the 
width of the pars compacta signal was made using the variation 
of the method of Duguid et al* as described by Braffman et al. 
Intensity values of a straight line perpendicular to the pars com- 
pacta through the center of the red nucleus were measured on the 
selected image. We drew two additional parallel straight lines 1 
mm to either side. At the half-height maximum intensity value 
between the hypointense red nucleus and relatively hyperintense 
pars compacta we placed one cursor. At the corresponding half- 
height maximum intensity value between the pars compacta and 
relatively hypointense pars reticulata we placed a second cursor. 
The distance in pixels between the two was taken as the width of 
the pars compacta and then was converted to millimeters. We 
averaged three values for each pars compacta and the values for 
each hemimidbrain were also averaged. 


Motor Evaluation 


Motor performance in normal subjects and in Parkinson’s dis- 
ease was assessed by the Purdue Pegboard, a classic test of motor 
skills generally used in the objective evaluation of motor impair- 
ment in Parkinson’s disease.’ The measurement computed was 
the number of pins inserted in 30 seconds for the right and left 
hands. The clinical status of patients was evaluated by the 
UPDRS.’ To obtain precise motor measurement we assessed 
superior/inferior limbs and right/left parts of the body sepa- 
rately. The cardinal symptoms of Parkinson’s disease! were also 
recorded separately. Thus, we computed the severity of resting 
tremor, rigidity, and akinesia adding respective scores to each 
limb and face. Postural difficulties were computed adding scores 
from the following items of the UPDRS: postural stability, 
posture, gait, falling, and freezing. Scores for these four cardinal 
symptoms can range from 0 to 20. 


Statistical Analysis 
Pearson’s product-moment correlation was used to determine 
the relationship between clinical parameters and width of the 
substantia nigra pars compacta. The unpaired t test was used for 
comparison between groups. 


RESULTS 


Performance of healthy elderly subjects on the Purdue 
Pegboard test showed a strong correlation with the pars 
compacta width (r=.62; P=.001). This correlation, although 
significant, was weaker in the Parkinson’s disease group 
(r=.40; P=.037). Figure 1 depicts these correlations. 

The two study groups differed in the size of the 
substantia nigra pars compacta. Patients showed a signif- 
icant decrease in the width of this region. The mean 
breadth of the pars compacta in normal elderly subjects 
was 3.89 mm (SD, 0.35) and 3.57 mm (SD, 0.55) in patients. 
Comparing groups, we obtained significant differences: 
t(40)=2.23; P=.03. 

In patients, the width of the substantia nigra pars com- 
pacta showed strong correlation with global clinical status 
evaluated by the UPDRS. In Fig 2, MRI measurements are 
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Fig 1.—Correlations between the width of the substantia nigra pars 
compacta and motor performance (Purdue Pegboard test) in normal 
subjects (open circles) and parkinsonian patients (solid circles). 
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Fig 2.—Plot of substantia nigra pars compacta width against Unified 
Parkinson’s Disease Rating Scale (UPDRS) global scores of patients with 
Parkinson’s disease. 


plotted against the global score of patients (Parts I through 
IV of the UPDRS). This global score was strongly associ- 
ated with performance on the Purdue Pegboard test 
(r=—.83; P=.0000). Analyzing the parts of the scale sepa- 
rately we found significant correlations for part II (activ- 
ities of daily living) and part III (motor examination). Part 
I (mentation, behavior, and mood) and part IV (complica- 
tions of therapy) were unrelated with the present measure 
of substantia nigra. The stage of the disease (part V) and 
the Schwab and England scale of daily living activities 
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Range Mean 

Global score 10-99 46.1 
Part 

| 0-8 3.8 

Il 6-45 17.9 

IIl 0-54 21.2 

IV 0-8 2.9 

V 2-5 ao 

Vi 40-90 80.0 

Resting tremor 0-10 3.8 

Rigidity 0-8 aa 

Akinesia 0-16 5.3 

Postural difficulties 1-15 4.9 


(part VI) did not reach statistical significance (Table). Du- 
ration of the disease was poorly related to degeneration of 
the pars compacta (r=—.21, P=.18). 

Individual analyses of the cardinal symptoms of Par- 
kinson’s disease (resting tremor, rigidity, akinesia, pos- 
tural difficulties), showed that resting tremor was the 
symptom most related to changes in the substantia nigra 
(Table). 


COMMENT 


We studied the functional significance of the involu- 
tional changes of the substantia nigra as seen on MRI 
studies. We found strong negative correlations between 
pars compacta width and motor impairment both in nor- 
mal elderly subjects and in patients. In the Parkinson’s 
disease group, which exhibited significant size reduction 
of the pars compacta, the degree of degeneration was also 
related to clinical features. 

Although normal senescence tends to a parkinsonlike 
condition, our selected healthy subjects did not manifest 
overt parkinsonian symptoms and, consequentially, motor 
clinical scales were not applicable. Performance on the 
Purdue Pegboard test, a test strongly related to parkinso- 
nian symptoms, was a priori a suitable measurement of 
motor skills for the purpose of our investigation. The cor- 
relation obtained in normal elderly subjects between 
degeneration of the substantia nigra and deterioration in 
motor performance assessed by the Purdue Pegboard test 
is attractive, because somehow it denotes the functional 
significance of the changes in the midbrain appreciated in 
MRI studies. The shrinkage of the pars compacta reflects 
failure in specific skills. Here, it is important to emphasize 
the utility of the Purdue Pegboard test as a sensitive func- 
tional measurement of the dopaminergic system status. 

It can be stated with certainty that the nigrostriatal 
pathway undergoes attrition over the course of aging. The 
decrease in nigral neurons is estimated to be about 10% per 
decade in the elderly." According to the results of McGeer 
et al,'* normal individuals showed a cell count of about 
450000 in the substantia nigra pars compacta, which 
declined in an approximately linear fashion to reach a level 
of about 275 000 by the age of 60 years. Neurochemically, 
in normal aged people the most severe loss in enzymes 
concerned with neurotransmitter synthesis is found in the 
activity of striatal tyrosine hydroxylase, the rate- 
controlling enzyme in the synthesis of dopamine. By the 
age of 65 years the dopamine content in the neostriatum is 
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reduced to half that found at birth.” The relationship be- 
tween dopaminergic cell loss and the decrease in neuro- 
chemical activity in aging has been clearly established. 
However, an in vivo correlation between age-related 
degeneration in the substantia nigra and motor perfor- 
mance has not been previously reported. 

Changes in the substantia nigra in patients with Parkin- 
son’s disease are more conspicuous than in healthy aged 
individuals. In the study by McGeer et al,’* patients with 
Parkinson’s disease all had cell counts below 140000 and 
other authors reported loss of pigmented neurons ranging 
from 50% to 85%.* Although cell loss in Parkinson’s disease 
appears to be dramatic, the fresh volume in the pars com- 
pacta is reduced by only 25% in autopsy material. This 
discrepancy between neuronal depletion and overall 
shrinkage in the pars compacta partially explains the lack 
of accuracy in differentiating Parkinson’s disease from 
controls using MRI measurements. Another contributory 
factor could be the limited resolution of current MRI. We 
found significant reduction in the substantia nigra pars 
compacta in Parkinson’s disease relative to control sub- 
jects. However, there was some overlap in the measure- 
ments between the two groups, which limits the diagnos- 
tic utility of such measurements. Our results agree with 
those previously reported in the literature.** Nevertheless, 
further studies with improved imaging techniques (high- 
resolution MRI) might demonstrate the sensitivity and 
specificity of this approach." 

The relationship between the size of the substantia nigra 
pars compacta and the clinical status of patients has been 
poorly studied in previous works. Duguid et al,‘ in a sam- 
ple of six patients found no relation of the pars compacta 
with the stage or the duration of the disease. Braffman et 
al analyzed the width of the pars compacta in 16 patients 
but did not report clinical data, and Huber et alf found 
significant correlation of the MRI measurements with the 
stage and the duration of the disease, but they did not 
study the correlation with clinical scales and motor per- 
formance. 

Although a gradual decline in the extrapyramidal func- 
tion appears with aging, biochemical investigations sug- 
gest that a depletion in striatal dopamine of the order of 
70% to 80% is necessary for the symptom threshold to be 
crossed. In fact, dopaminergic cell depletion precedes the 
appearance of overt clinical manifestations of parkinson- 
ism by many years.” Paradoxically, the correlation 
between the MRI measurements and the Purdue Pegboard 


Parkinson’s Disease—Pujol etal 1121 


test was stronger in normal aging subjects than in subjects 
with Parkinson’s disease, even when patients performed 
worse in this test. It is plausible that at the level at which 
the amount of neuronal loss becomes symptomatic in pa- 
tients with Parkinson's disease, the existing linear correla- 
tion is partially distorted. At this level, a further minor de- 
crease in size could produce excessive motor impairment 
and, as a result, the Purdue Pegboard test could be less 
sensitive. Nevertheless, in this situation the rate of symp- 
toms assessed by the UPDRS was significantly related to 
the in vivo visible size reduction of the pars compacta. This 
suggests that, after the symptom threshold has been 
crossed, loss of dopaminergic neurons is optimally re- 
flected by the clinical status. 

We found resting tremor to be the symptom most related 
to changes in the pars compacta. The origin of this symp- 
tom in Parkinson’s disease is obscure to date. Parkinsonian 
tremor has generally been postulated to result from the 
oscillatory activity of thalamocortical loops, relatively in- 
dependent of basal ganglia circuitry, or has been believed 
to require additional damage to the cerebellofugal sys- 
tem. Current research on the methyl-phenyl-tetra- 
hydropyridine neurotoxin provides powerful support for 
the argument that tremor is produced by lesion of the sub- 
stantia nigra.” The correlation found in our study between 
resting tremor severity and width of the pars compacta re- 
inforces this hypothesis on the dopaminergic origin of this 
kind of tremor. 
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e To determine how the response to levodopa is altered by 
long-term therapy, we examined the dose response to 2-hour 
infusions of levodopa in three groups of parkinsonian patients: 
those who were previously untreated, those who exhibited 
stable responses, and those who exhibited fluctuating re- 
sponses to levodopa therapy, using tapping speed as an index 
of bradykinesia. The baseline tapping speed was greater in the 
patients with stable responses than in the untreated patients, 
probably representing a “long-duration response” to 
levodopa therapy. A “short-duration response,” indicated by 
an increase in tapping speed lasting hours, was observed in 
most patients in all groups. The onset of the short-duration ef- 
fect was more rapid and the incremental increase in tapping 
speed was twice as large in the patients with fluctuating re- 
sponses compared with the untreated patients and patients 
with stable responses. The duration of the short-duration ef- 
fect was greatest in the untreated group but did not differ be- 
tween the groups with stable and fluctuating responses. Dys- 
kinesia was not observed in any of the de novo patients but 


bape administered three or four times per day pro- 

duces a mild to dramatic reduction in the symptoms 
and signs of parkinsonism that is sustained throughout the 
day for the first months to years of long-term treatment. 
However, the majority of responding patients eventually 
develop fluctuations in response to the drug, termed on-off 
phenomenon if particularly severe, and experience dyski- 
nesia in the form of chorea, athetosis, or dystonia. The on- 
off phenomenon is a difficult clinical management prob- 
lem, and the seemingly unpredictable clinical response to 
levodopa challenges our understanding of the mechanism 
of action of levodopa in the dopaminergically denervated 
human brain. 

We have characterized the dose response to levodopa in 
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was observed in three of 12 patients with stable responses and 
eight of nine patients with fluctuating responses to levodopa 
therapy. Dyskinesia appeared before or with the antiparkin- 
sonian effects in patients with stable responses, giving no in- 
dication of a higher threshold for dyskinesia in these patients 
compared with those with fluctuating responses. The plasma 
half-life clearance, volume of distribution, and maximum 
plasma concentrations of levodopa did not differ among 
groups. We conclude that (1) part of what has been consid- 
ered an extended short-duration response to levodopa ther- 
apy in patients with stable responses represents instead the 
long-duration response; (2) a short-duration response, albeit 
subtle, is present in most patients from the initiation of 
levodopa therapy; and (3) an increase in the magnitude of the 
short-duration response and the appearance of dyskinesia 
cause the fluctuations to become clinically important, 
whereas a shortening of the duration of the response is not 
critical. 
(Arch Neurol. 1992;49:1123-1130) 


untreated patients, those with stable responses, and those 
with fluctuating responses to determine how long-term 
levodopa therapy affects the response to single doses of 
drug and how these changes correlate with the develop- 
ment of response fluctuations. 


SUBJECTS AND METHODS 
Subjects 


Twenty-seven subjects with idiopathic parkinsonism (Table 1) 
participated in the studies after giving informed consent for the 
protocol approved by the Oregon Health Sciences University, 
Portland, Institutional Review Board. Two subjects participated 
twice, first as untreated subjects and 5 and 16 months later as 
“stable” subjects. Subjects were classified a priori as follows: un- 
treated subjects were not taking levodopa and had never received 
long-term treatment with levodopa. Stable subjects were taking 
four or fewer doses of levodopa per day and were not bothered 
by fluctuations or dyskinesia. The stable group could be further 
subdivided into six patients who did not notice any change in 
motor function if they missed a dose of levodopa and who had 
no dyskinesia (“absolutely stable”) and six who might note a mild 
deterioration of motor function if they missed a dose of levodopa 
and three who had very mild dyskinesia of which only one pa- 
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= Table 1.—Patient Characteristics* 


Parkinsonism 
a ae ee ee 
Age, Sex, Duration, 


y M/F 


8 6826 6/2 
(60-76) 


62+7 11/1 
(55-78) (1-6) 


Severityt y 
Untreated 


Stable 12 


59+9 8/1 
(41-74) 


Fluctuating 9 
(3-10) 


Duration, Dose, mg/kg Doses per 


PB arg S 


7.72424 14.9+7.6 





Levodopa Therapy 
S pe ns Le eae 


Dyskinesia 
y. + .en aa 


per Day Day N 


Frequency, 
Other 
Medications§ 


Intensity 


1 Amantadine 


6.0+2.3 3.3+0.4 37 1.30 
(4-11) (3-4) (1-2) 


1 Amantadine 
3 Anticholinergics 
2 Dopamine agonists 


6.8+1.6 8 2.60.2 
(6-30) (5-9) (2-3) 


2 Anticholinergics 

6 Dopamine agonists 

1 Selegiline 
hydrochloride 


*Values are means+SDs (ranges). N indicates a measure of the steepness and sigmoidicity of the dose-response curve. 


+Hoehn and Yahr scale. 


Average intensity for patients with dyskinesia was scored as 1, mild; 2, moderate; and 3, severe, impairs function. 


§Numbers indicate number of patients receiving that medication. 


tient was aware (“functionally stable”). “Fluctuating” patients 
took levodopa five or more times per day and were aware of 
fluctuations and, with one exception, dyskinesia (Table 1). 


Protocol 


Subjects were hospitalized in the Oregon Health Sciences Uni- 
versity Clinical Research Center for 5 days. Levodopa and 
dopamine agonists were held after 10 PM the night before each 
study and were resumed in the afternoon at the completion of 
each day’s study. Anticholinergic and amantadine hydrochloride 
therapies were continued as before admission to avoid the com- 
` plication of withdrawal. A single patient was taking selegiline 
hydrochloride (Depreny)). 

Subjects received 2-hour constant-rate levodopa infusions be- 
‘tween 9 and 11 AM on four consecutive mornings. The majority 
of subjects received 0, 0.4, 0.8, and 1.6 mg/kg per hour levodopa 
infusions. In six of the nine fluctuating patients and in one of the 
stable patients, a 2.4 mg/kg per hour rate was substituted for the 
0.4 mg/kg per hour rate because of earlier experience suggesting 
that fluctuating patients often did not respond to the lower rate. 
The order of doses was assigned arbitrarily, except that the larg- 
est dose was never given as the first dose to avoid unanticipated 
gastrointestinal side effects. Both the patients and the nurses 
scoring the patients’ responses were blind to the identity of the 
infusions. Carbidopa (25 mg) was administered orally at 8 and 
10 AM and at noon. Domperidone (40 mg), a peripheral dopa- 
mine antagonist virtually without central effects,’ was given at 8 
AM to untreated and a few stable patients to reduce nausea and 
vomiting. Subjects consumed a low-protein breakfast between 7 
and 7:30 AM and a low-protein snack at noon (total protein, 7 g). 
Vital signs and parkinsonism were monitored at half-hour inter- 
vals from 8 AM to 2 PM and continued if the drug effect persisted; 
3 mL of blood was collected hourly between 9 AM and 2 PM, with 
additional samples obtained at 10:30 and 11:30 AM (Fig 1). 


Measurements 


Parkinsonism was scored by the speed of alternately tapping 
two manual laboratory counters for 60 seconds with the most af- 
fected hand, and dyskinesia was scored ona scale of 0 to 4 for each 
limb, the head, and the trunk and summed for a maximum score 
of 24.2 The dyskinesia was rated while the patient was engaged 
in tapping, walking, and interacting with the nursing staff. The 
levodopa concentration was measured by high-performance liq- 
uid chromatography with electrochemical detection.’ 


Analysis 


Clinical Response.—Baseline tapping speed for a given day | 


was the mean of the 8, 8:30, and 9 AM tapping speeds for that day. 
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A coefficient of variation (SD/mean, expressed as a percent) for 
the tapping scores from 8 AM to 2 PM (13 measures) was calculated 
for the placebo infusion for each patient. Drug response was de- 
fined as an increase in the tapping speed that exceeded the base- 
line speed for that day by twice the coefficient of variation deter- 
mined from the patient’s placebo infusion. Duration of the 
postinfusion response was defined as the time after discontinu- 
ation of the infusion that the tapping score exceeded the baseline 
value by twice the coefficient of variation. Total duration included 
the time that the drug effect was apparent during the infusion as 
well as afterward. Maximum scores were the single highest tap- 
ping rate recorded between 9:30 AM and 2 PM, and magnitude of 
response was determined by subtracting the baseline tapping 
speed from the maximum speed. For modeling the magnitude of 
drug effect, the placebo response was subtracted from the other 
scores; negative scores were converted to zero. 

Pharmacodynamic Analysis.—Drug response (duration and 
magnitude) was analyzed by two methods: (1) mean of ob- 
served responses vs dose and (2) parameters derived from 
pharmacodynamic modeling of response vs plasma levodopa 
concentrations. For each patient, duration of response and 
magnitude of response vs peak (11 AM, end of levodopa infu- 
sion) plasma levodopa concentrations were fit to the maxi- 
mum duration of drug effect (EMAX) and sigmoid EMAX 
models with use of the MKMODEL model program.’ The best 
model was determined by the Schwartz criterion, provided the 
values made pharmacologic sense (negative drug concentra- 
tion producing 50% of the maximum drug effect, a measure of 
sensitivity to drug [EC50s] and EMAXs greater than 100 times 
those expected were discounted). If the Schwartz criterion did 
not differentiate between the models, the coefficients of varia- 
tion of the parameters were used to choose the best fit. 

Pharmacokinetic Analysis.—Elimination half-life, volume of 
distribution, and clearance were calculated by using a zero order 
input to a two-compartment model.’ Elimination half-life was 
determined with the use of plasma concentrations measured half 
an hour or more after discontinuing the infusion. 


Statistics 


Within-subject comparisons were done with analysis of vari- 
ance (ANOVA) with repeated measures and between-group 
comparisons done with one-way ANOVA. Pairwise comparisons 
were made with the Student-Newman-Keuls test when ANOVAs 
indicated significant differences between means. Degrees of free- 
dom were reduced when appropriate to compensate for the two 
patients studied on two occasions. Multiple regression analysis 
was used to examine correlations between the disease and treat- 
ment variables and the pharmacologic response variables. 
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Fig 1.—Temporal profiles of clinical response. Changes in tapping speed 
in a previously untreated patient, a stable patient, and a fluctuating pa- 
tient receiving 2-hour infusions of levodopa at 1.6 mg/kg per hour. The 
bottom panel represents the plasma levodopa profile for the 1.6 mg/kg 
per hour infusion in the fluctuating patient and is representative of all 
patients. The shaded areas represent the baseline for the day the patient 
received the 1.6 mg/kg per hour infusion +2 coefficients of variation; 
vertical broken lines, the start and finish of the infusion; open circles, no 
dyskinesia; solid circles in upper three panels, dyskinesia present at that 
rating time; and solid circles in bottom panel, blood levels. 


RESULTS 
Baseline Scores and Placebo Response 


The average of baseline tapping scores for all 4 days dif- 
fered among the groups (P<.001), with the stable group 
having significantly greater tapping speed (mean+SD, 
144+25 taps per minute) than the untreated (116+9 taps 
per minute) and fluctuating (106+23 taps per minute) 
groups. In the two subjects studied first as untreated and 
then as stable patients, the baseline rose from 113 to 143 
and 113 to 151 taps per minute. 

The mean baseline tapping speeds increased between 
days 1 and 4 of the protocol by six taps per minute in the 
untreated (P<.002) and by 10 taps per minute in the stable 
group (P=.002) and decreased by three taps per minute in 
the fluctuating group (P=.38). 

The coefficient of variation in tapping scores during the 
placebo infusions ranged from 1.7% to 13%. The mean co- 
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efficient of variation was similar for each group: untreated 
group, 5.1%; stable group, 6.2%; and fluctuating group, 
7.6% (P=.174). 


Patient Responses 


A response to levodopa therapy, as indicated by an in- 
crease of the tapping rate that exceeded that day’s baseline 
by two coefficients of variation, was observed in six of 
eight untreated subjects, 10 of 12 stable subjects, and eight 
of nine fluctuating subjects. One of the nonresponding 
untreated patients subsequently improved with oral 
levodopa therapy, and the other did not respond to oral 
levodopa therapy during the year following participation — 
in the study. One of the nonresponding stable patients had — 
responded when studied as an untreated subject. The con- 
dition of the second nonresponding stable patient deteri- 
orated when levodopa therapy was withdrawn for 1 week. 
These latter two patients were in the absolutely stable 
subgroup. The lack of improvement in tapping speed in 
one fluctuating patient was attributed to his severe 
levodopa-induced athetosis. 

The analyses below use the data from the 24 responding 
subjects. Most comparisons are for the 0.8 and 1.6 mg/kg 
per hour infusion rates, which all patients received. 
Parameters derived from pharmacodynamic modeling 
utilized data from all infusions in the 24 subjects. No sta- 
tistical differences between the absolutely stable and the 
functionally stable subgroups were discerned, and they are 
considered as a single group (stable) in the analyses below. 


Onset of Response 


The onset of the drug effect occurred approximately 1 
hour earlier in the fluctuating patients than in the stable or 
untreated patients (Fig 1, Table 2). Tapping speed in- 
creased during the infusions in fluctuating patients, 
whereas the increases in tapping speed occurred after dis- 
continuation of the infusions in untreated and stable 
patients. 


Duration of Response 


The duration of response after stopping the 1.6 mg/kg 
per hour infusion was longer in the untreated group (Fig 
2), and the EMAX derived from pharmacodynamic mod- 
eling was also longer (Table 3). The EMAX for the stable 
and fluctuating patients did not differ. The EC50s, and N 
(the coefficient determining the steepness and sigmoidic- 
ity of the curve) did not differ among the three patient 
groups (Table 3). 

Because the fluctuating group had the onset of drug ef- 
fect during the infusion, calculating the total duration of 
increased tapping scores reduced the differences between 
the groups such that the duration of response in the 
untreated patients no longer significantly differed from the 
duration of response in the fluctuating patients (Fig 2, Ta- 
ble 3). 

In the five fluctuating patients who received the 2.4 
mg/kg per hour infusions, the total duration of response 
increased from 3.9 hours at 1.6 mg/kg per hour to 5.2 hours 
at 2.4 mg/kg per hour (P=.019 by two-tailed paired t test), 
indicating that the duration of drug action did not reach a 
maximum in the dose range studied and that the EMAX of 
6.1 hours was not an overestimate. 
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Table 2.—Time to Onset of Response After Beginning Levodopa Infusion* 


Onset of Drug Effect, h 


Infusion Rate, 


mg/kg per Hour Untreated (n=6) 


Stable (n=10) 





Fluctuating (n=8) 


.01 (UT=S>F) 
.01 (S>F) 


*Values are means+SDs of time from initiation of infusion until tapping score exceeded baseline by twice the coefficient of variation. 
+By analysis of variance, significant differences (P<.05) between pairs of means tested by the Student-Newman-Keuls Test are indicated in pa- 


rentheses. UT indicates untreated; S, stable; and F, fluctuating. 


Postinfusion Duration 


Total Duration 


Taps per Minute 


Peak Response 


0.4 0.8 1.6 2.4 


Dose, mg/kg per Hour 





Fig 2.—Relationship of duration and magnitude of response to infusion 
rate of levodopa. Dose-response curves for the duration of response af- 
ter stopping levodopa infusion (top), duration of response from onset of 
drug-induced effect (middle), and magnitude of increase in tapping 
speed (bottom) are shown. Squares indicate untreated patients (n=6); 
circles, stable patients (n=10); triangles, fluctuating patients (n=8); ver- 
tical bars, SEs of the means; and asterisks, significant differences by 
analysis of variance and the Student-Newman-Keuls Test at P<.05. Top, 
untreated patients show a longer response than stable and fluctuating 
patients at an infusion rate of 1.6 mg/kg per hour; middle, untreated pa- 
tients show a longer response than stable patients; and bottom, fluctu- 
ating patients show a greater response than untreated and stable patients. 


Magnitude of Response 


The levodopa-induced increase in tapping speed in 
fluctuating patients was double that in the stable and un- 
treated patients (Figs 1 and 2, Table 3). This difference was 
not explicable by different baselines because the fluctuat- 
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ing and untreated patients had similar baseline tapping 
scores (see above), nor could it be explained by a ceiling 
effect; few patients approached the maximum tapping 
speed of 230 taps per minute.* The EMAX (maximum tap- 
ping speed derived from pharmacodynamic modeling) 
was greater in the fluctuating patients, but EC50s were 
similar for all three groups (Table 3). Although the steep- 
ness factor (N) differed among patient groups, this was 
due to two high values for N in the untreated group; pair- 
wise comparisons of the means did not reach significance 
(Table 3). 


Dyskinesia 

No untreated, three stable, and eight fluctuating patients 
had dyskinesia during the infusions. The intensity of dys- 
kinesia only weakly correlated with dose (Fig 3, top), but 
the duration of dyskinesia was dose responsive (Fig 3, 
bottom). 

A ratio of duration of dyskinesia to duration of increased 
tapping was calculated for infusions in which both dys- 
kinesia and clinical improvement were recorded. The three 
stable patients had dyskinesia that preceded (n=3) and in 
two outlasted the improvement in tapping scores (Fig 1, 
Table 4). In the fluctuating patients, dyskinesia and clini- 
cal improvement generally coincided (Fig 1, Table 4). 


Pharmacokinetics of Levodopa 


Elimination half-life, clearance, and apparent volume of 
distribution were dose independent, as judged by ANOVA 
with repeated measures comparing these parameters cal- 
culated from the low, medium, and high infusion rates for 
each patient. Therefore, the three estimates for each patient 
were averaged. 

No clinically significant differences in the pharmacoki- 
netic measures were noted between groups, although the 
difference in elimination half-lives between stable and 
fluctuating patients achieved statistical significance (Table 
5). The concentrations of plasma levodopa at the end of the 
infusions doubled when the infusion rate was increased 
from 0.8 to 1.6 mg/kg per hour, but the concentrations did 
not differ between the different patient groups (Table 5). 


Correlations Between Responses to Levodopa Infusions 
and Disease and Treatment Variables 


Multiple regression analysis indicated that duration of 
response after 2-hour 1.6 mg/kg per hour levodopa infu- 
sions negatively correlated with duration of levodopa 
therapy (r=.51, P<.05) and daily levodopa dose (r=.50, 
P<.05). Magnitude of response positively correlated with 
duration of therapy (r=.46, P<.05), daily dose (r=.52, 
P<.01), and disease severity measured by the Hoehn and 
Yahr scale (r=.50, P<.05). Disease severity, disease dura- 
tion, duration of levodopa therapy, and daily levodopa 
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Table 3.—Pharmacodynamic Parameters* 


Parametert Untreated 


Postinfusion duration 


n 
EMAX, h 

EC50, nmol/mL 
N 


Total duration 
n 
EMAX, h 
EC50, nmol/mL 
N 


Magnitude 
n 
EMAX, taps per minute 


EC50, nmol/mL 
N 





Stable 


Fluctuating 


8 
§.322.2 .007(UT>S=F) 
18.9+10.0 28 
3.4+5.8 vt 


*Parameters of response vs peak plasma levodopa concentration modeled with MK model program.’ EMAX is the maximum drug effect; EC50, 
the drug concentration producing 50% of the maximum drug effect; and N, a measure of the steepness and sigmoidicity of the dose-response curve. 


Values are means+SDs. 


tNumber of subjects is reduced in some groups because the model could not produce a reasonable estimate of EMAX with the available data in 


some patients (EMAX greater than 5 SDs from the mean). 


By analysis of variance, significant differences (P<.05) between pairs of means as indicated by the Student-Newman-Keuls Test are in parenthe- 


ses. UT indicates untreated; S, stable; and F, fluctuating. 


dose were significantly (P<.05) correlated (r ranged from 
42 to .85), except for the correlation between disease 
severity and duration of levodopa therapy. 


COMMENT 
Methods 


The experimental methods and definition of patient 
groups strongly influence the conclusions of any study in- 
vestigating the pharmacodynamics of levodopa in parkin- 
sonian patients. We chose the speed of tapping as the in- 
dex of clinical improvement because (1) tapping is a 
simple, objective, continuous measure of bradykinesia, of- 
ten considered the quintessence of parkinsonism’; (2) tap- 
ping measures the same function or dysfunction in all pa- 
tients, unlike parkinsonism scales in which the score 
predominantly reflects tremor and rigidity in mildly 
affected patients and postural and gait disturbances and 
bradykinesia in severely affected patients; and (3) tapping 
correlates well with other measures of parkinsonism.”* 

Intravenous infusions were used to avoid the variability 
of oral absorption. Two-hour, constant-rate infusions pro- 
duce elevations of plasma levodopa that are of the same 
magnitude and duration as those produced by oral doses 
of levodopa’®’ and thus simulate the clinical situation. 

Classification of patients as stable or fluctuating was 
based on the patient’s drug regimen. This, in turn, reflects 
the patient’s and physician’s awareness of fluctuations in 
motor response; in patients with functionally significant 
motor fluctuations, frequency of dosing is increased. Fluc- 
tuating patients were not divided into “wearing off” and 
“on-off” because these classifications depend on the sub- 
jective parameters of suddenness of fluctuations and pre- 
dictability of response, parameters that are influenced by 
the disabilities measured, the dosing regimen, and how 
closely patients are observed. 

Pharmacodynamic modeling allowed calculation of the 
parameters used to describe dose-response curves, 
namely, EMAX, EC50, and N. 
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Fig 3.—Relationship of severity and duration of dyskinesia to levodopa 
infusion rate. Peak severity of dyskineisa (top) and duration of dyskine- 
sia (bottom) are shown for eight patients (two stable and six fluctuating) 
who had dyskinesia at all infusion rates. Because two patients received 
0.4 to 1.6 mg/kg per hour infusions and six received 0.8 to 2.4 mg/kg 
per hour infusions, dose is designated as low (L, 0.4 or 0.8 mg/kg per 
hour), medium (M, 0.8 or 1.6 mg/kg per hour), or high (H, 1.6 or 2.4 
mg/kg per hour). Vertical bars indicate SEs of the means. The severity of 
dyskinesia did not differ with different dose levels (analysis of variance 
with repeated measures P=.29). The length of time dyskinesia was 
present was dose responsive (analysis of variance with repeated 
measures, P<.001; duration with low dose differed from duration with 
larger doses by Newman-Keuls test, P<.05 [asterisk]). 
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= Table 4.—Ratio of Duration of Dyskinesia to Duration 
1 __ of Tapping Response 


Patient 


2.7+1.34/0.9+0.2 


*Number of infusions that induced both an increase in tapping and 
dyskinesia. 

tAverage of the ratio of the duration of dyskinesia to that of the tap- 
ping response over all infusions in a given patient. 

+Differs from fluctuating patients (P=.003) by Student's t test. 


Mean+SD, stable/fluctuating 


Baseline Tapping Scores and the Long-Duration Response 


Baseline tapping speed was significantly faster in stable 
than in untreated patients. We assume that the stable pa- 
tients would have tapped more slowly if they had been 
untreated and interpret the increased baseline tapping rate 
in the stable group as representing the “long-duration re- 
sponse” to levodopa, evidenced by the gradual decline in 
motor function that occurs over days following discontin- 
uation of levodopa therapy.*" In contradistinction, the 
“short-duration response” is an improvement in parkin- 
sonism that lasts minutes to hours following single doses 
of levodopa.* The increase in the baseline tapping scores of 
the two patients studied before long-term levodopa ther- 
apy and after months of levodopa therapy is consistent 
with acquisition of the long-duration response. We hy- 
pothesize that part of what the clinician interprets as a 
longer response to each dose of levodopa in stable patients 
is the sustained improvement in parkinsonism produced 
by this long-duration response. The lowering of baseline 
tapping scores as the patients pass from stable responders 
to fluctuating responders is unlikely to represent loss of the 
long-duration response because even the condition of se- 
verely affected patients will deteriorate further if levodopa 
therapy is withdrawn for days.*"’ Deterioration of baseline 
motor function is more likely related to increasing sever- 
ity of disease. However, for whatever reason, the deterio- 
ration of baseline function over time then makes the short- 
duration response more apparent. 


Duration of Response to Infusions 


We observed an increase in tapping speed lasting hours 
(short-duration response) in untreated patients, indicating 
that subtle motor fluctuations could be present from the 
very beginning of therapy. Because the changes in motor 
function were subtle and without functional significance, 
in the normal clinical setting they would generally escape 
the patient’s and physician’s notice. Nevertheless, these 
observations suggest that most patients are, in one sense, 
fluctuators from the beginning of levodopa therapy if 
monitored with sensitive measures of drug response. 
These results are consistent with transient improvement in 
parkinsonism produced in de novo subjects by levodopa 
or apomorphine challenges." 
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The duration of response to the levodopa infusions was 
greater in the untreated patients than in the stable and 
fluctuating patients, which is in agreement with findings 
of previous studies.'”'* There was, however, no significant 
difference in the duration of response in the stable and 
fluctuating groups, in accord with our earlier study in a 
different group of patients® and the study of Kempster et 
al.!* Thus, the change from a stable response to a fluctuat- 
ing response is not necessarily accompanied by a major 
change in duration of action of levodopa. The large SDs of 
levodopa “efficacy half-times” in the stable and fluctuating 
(wearing-off and on-off) patient groups in the study of 
Fabbrini et al”? could be consistent with this formulation as 
well. We interpret these observations as indicating that a 
shortening of the response to each dose of levodopa is not 
the direct cause of the transition from what in the clinic 
appears to be a stable response maintained by levodopa 
dosing three or four times per day to a fluctuating response 
requiring dosing five or more times per day. 

We do not believe that the lack of difference in the du- 
ration of response between the stable and fluctuating 
groups is because of misclassification of our stable pa- 
tients. The clinically important distinction is between the 
patients who can be maintained on levodopa administered 
three or four times per day without significant variations 
in motor function and those patients who are dependent 
on more frequent dosing and report substantial exacerba- 
tion of symptoms if doses are late or missed. This is how 
we separated the stable and fluctuating patients. Our sta- 
ble patients are similar to those of Fabbrini et al,'* who also 
defined patients as stable by the number of doses of 
levodopa per day. Their stable patients’ parkinsonism in- 
creased with cessation of the levodopa infusion; that is, 
they exhibited fluctuations in response. Furthermore, a 
few of their stable patients developed dyskinesia," addi- 
tional evidence of fluctuations. 

A final point is that the duration of response continued 
to increase as the infusion rate was increased in the fluc- 
tuating patients. There was no indication of an upper limit 
on the duration of response within the dose range studied. 
This observation suggests that it would be possible to 
maintain fluctuating patients with three to four large doses 
of levodopa per day if there were no adverse side effects 
that precluded this strategy. 


Magnitude of Short-Duration Response 


Fluctuating patients had larger increases in tapping rate 
with levodopa therapy than did untreated or stable 
patients. This indicates that the greater levodopa-induced 
improvement in parkinsonism in fluctuating patients than 
in untreated or stable patients'*"* is not due to the parkin- 
son rating scales used in those studies measuring different 
motor disabilities in stable patients and in fluctuating pa- 
tients. These observations also suggest that the drug effect 
is more obvious and likely to be associated with function- 
ally important changes in motor function in fluctuating 
patients. The motor change need not be reflected by 
increased tapping speed, but fluctuating patients generally 
have some motor aspect that changes dramatically, as op- 
posed to the untreated and stable patients, whose walking 
and activities of daily living are neither markedly impaired 
by parkinsonism nor markedly improved by levodopa 
therapy.° Thus, it appears that subtle fluctuations, present 
from the initiation of levodopa therapy, become clinically 
apparent when the magnitude of the response increases. 
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Table 5.—Pharmacokinetic Parameters of Plasma Levodopa* a | 


Parameter Untreated Stable Fluctuating Pt 


1.6*0.1 FZO 1:520.2 .04(S>F) 
0.75+0.20 0.75+0.21 0.63+0.11 29 
0.44+0.09 0.42+0.15 0.39+0.08 .68 
8.91.9 9.7 £3.4 9141.9 .82 
16.7 £45 19.925.0 17.6+3.7 36 


*Values are means+SDs. Values for half-life (t;2), apparent volume of distribution (aVd), and clearance (Cl) used measures from all patients studied 
(N=27). Cmax's are means of the 24 patients used in pharmacodynamic calculations. Cmax o.s and Cmax 1.6 are the plasma concentrations of levodopa 
at the end of the 0.8 and 1.6 mg/kg per hour infusions, respectively. 

tBy analysis of variance, significant differences (P<.05) between pairs of means as indicated by the Student-Newman-Keuls Test in parentheses. 


tiz h 
aVd, L/kg 


Cl, L/h per kilogram 


Cmax o.8, NMol/mL 





Cmax t.6 NMOl/mL 


S indicates stable; F, fluctuating. 


Dyskinesia is another fluctuating motor sign that will call 
the patient's and physician’s attention to drug-induced 
fluctuations. 

The greater drug-induced augmentation of the tapping 
speed in fluctuating patients was not a consequence of 
different baseline scores; the untreated and fluctuating 
patients had similar baseline tapping speeds. 


Latency to Onset of Short-Duration Response 


We found that the onset of drug effect occurred earlier 
in fluctuating patients. Similarly, Contin et al" noted that 
the latency to the maximum tapping speed after oral 
levodopa therapy was shorter in fluctuating patients than 
in stable patients. This latter study and our results contrast 
with the findings of another report, based on the patients’ 
history rather than monitoring the patients, of delayed on- 
set of drug effects in fluctuating patients.'° 


Dyskinesia 

We observed mild dyskinesia in three stable patients at 
the same or lower doses than those inducing dyskinesia in 
fluctuating patients. Furthermore, the dyskinesia began 
before clinical improvement in all three stable patients and 
persisted beyond the increase in tapping scores in two of 
the stable patients. Thus, the apparent threshold for 
inducing dyskinesia was not greater than the threshold for 
improvement in parkinsonism symptoms in these stable 
patients. With only two exceptions, clinical improvement 
was accompanied by dyskinesia in fluctuating patients 
with dyskinesia, regardless of dose. There was no indica- 
tion of a therapeutic window with improvement of par- 
kinsonism symptoms without induction of dyskinesia. 
These observations are in accord with those of Hardie et 
al,” who noted that the presence of dyskinesia coincided 
with clinical improvement but are in disagreement with 
those of Mouradian et al,'*'* who described a higher 
threshold for dyskinesia than antiparkinsonian effects in 
two stable patients. 

The intensity of dyskinesia did not correlate well with 
levodopa dose or plasma levels, although duration of dys- 
kinesia did. Patients were more disturbed by dyskinesia 
when it persisted for hours after larger doses of levodopa, 
but this did not necessarily represent increased magnitude 
(severity) of dyskinesia. The clinical impression of more 
severe dyskinesia with larger doses of levodopa may 
reflect a greater area under the response curve rather than 
greater peak dyskinesia scores. Likewise, Hardie et al!’ 
described dyskinesia as being either “present or absent,” 
with severity determined by stress and motor activity. The 
severity of levodopa-induced chorea in monkeys with 
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1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)- 
induced parkinsonism is not dose related, although dura- 
tion of dyskinesia is." | 


Pharmacologic Mechanisms 


Alteration of the peripheral pharmacokinetics of 
levodopa cannot account for the differences in response 


because they did not differ among untreated, stable, and 
fluctuating patients in this study or in previously pub- 
lished reports.”>”° 

Clinically significant fluctuations rarely appear with the 
first doses of levodopa, even in severely affected patients.”! 
Severely affected patients may have a prolonged response 
to initial doses of levodopa,’ and the response to individ- 
ual doses is not shorter on the most affected side in asym- 
metrically affected patients.” These observations argue 
against altered central pharmacokinetics, ie, a reduced ca- 
pacity to decarboxylate levodopa and to store, release, and 
reuptake dopamine, as being directly responsible for the 
fluctuating response, although these factors probably 
influence the development of fluctuations. The correla- 
tions between response to the infusions and disease and 
treatment variables suggest that levodopa treatment, and 
not disease severity, causes the shortening of the response. 
Increased magnitude of the response, which we believe is 
the important determinant of clinically apparent fluctua- 
tions, is correlated with both long-term levodopa therapy 
and disease severity. 

Repeated exposure to levodopa increased locomotor ac- 
tivity, stereotypy, and circling, as well as reduced latency 
to its onset in intact and dopaminergically lesioned rodents 
(ie, mice, rats, and guinea pigs).** The larger magnitude 
and earlier onset of response in the fluctuating patients in 
our study resemble dopaminergic sensitization seen in ro- 
dents. Cotzias et al’ observed that parkinsonian patients 
continued to show improvement while receiving stable 
doses of levodopa and postulated a sensitization to 
levodopa with long-term therapy. Finally, weeks of 
levodopa therapy are required to induce dyskinesia in 
monkeys with stable parkinsonism due to MPTP,” sug- 
gesting sensitization as well. 

In conclusion, at the onset of long-term levodopa ther- 
apy, there is a subtle short-duration response of little or no 
functional importance. With contained therapy, there is a 
sustained benefit produced by the long-duration response, 
with a superimposed short-duration response. This short- 
duration response is briefer than at the beginning of 
levodopa therapy but is still of little clinical importance 
because the magnitude of the fluctuations is small. Even- 
tually, the baseline function declines (probably because of 
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increasing disease severity), the magnitude of the short- 
duration response becomes larger, and levodopa-induced 
dyskinesia appears, making the preexisting fluctuations 
clinically apparent and functionally important. 
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Apomorphine Test for Dopaminergic Responsiveness 
in Patients With Previously Untreated 
Parkinson’s Disease 


Thomas Gasser, MD; Johannes Schwarz, MD; Guy Arnold, MD; Claudia Trenkwalder, MD; Wolfgang H. Oertel, MD 


e We prospectively examined the predictive value of the 
apomorphine test for the therapeutic efficacy of sustained 
oral levodopa treatment in 62 patients with de novo 
Parkinson syndrome (no additional neurological deficit) 
who had not previously been treated with dopaminergic 
medication. Patients received 2 to 5 mg of apomorphine 
hydrochloride subcutaneously and a subsequent trial of oral 
levodopa of at least 3 months’ duration. In three patients, 
response to apomorphine could not be evaluated owing to 
side effects experienced during the test. In the remaining 59 
patients, the best predictor of response to oral levodopa was 
the apomorphine-induced relative decrease in the scores on 
the motor examination part of the Unified Parkinson 
Disease Rating Scale (UPDRS). At a cutoff value of 20% 
improvement in UPDRS scores, the test predicted the 
response to levodopa correctly in 50 patients (85%). The 
sensitivity of the test was 90%, specificity 88%. The posi- 
tive predictive value was 95%. However, seven of 19 apo- 
morphine test-negative patients experienced a good (n=4) 
or partial (n=3) improvement with levodopa therapy. Thus, 
the negative predictive value was only 63%. We conclude 
that response to apomorphine has a high predictive value 
for response to sustained oral levodopa treatment in most 
previously untreated patients, but a negative test should not 
preclude an adequate trial of oral levodopa. 
(Arch Neurol. 1992;49:1131-1134) 


T he diagnosis of Parkinson’s disease relies on the pres- 

ence of the key clinical features akinesia, rigidity, rest 
tremor, and impaired postural reflexes in the absence of 
signs or symptoms indicative of other neurological disor- 
ders.' Up to 24% of all patients clinically considered to 
suffer from Parkinson’s disease show morphological 
changes at postmortem investigation characteristic of 
other central nervous system diseases.” Parkinson’s dis- 
ease (or “idiopathic Parkinson syndrome of the Lewy body 
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type”) is characterized predominantly by a degeneration of 
the presynaptic nigrostriatal dopaminergic system, leav- 
ing postsynaptic striatal structures intact. Therefore, 
treatment with dopaminergic drugs should improve the 
symptoms of Parkinson’s disease. In fact, a positive 
response to dopaminergic medication is considered to 
be a diagnostically important feature of the disease.! 
Response to oral dopaminergic medication, however, 
such as levodopa/decarboxylase inhibitor or dopamine 
agonists, is sometimes difficult to evaluate, especially in 
patients with mild symptoms who do not experience 
motor fluctuations. Furthermore, improvement may oc- 
cur as late as several weeks to months after initiation of 
oral levodopa therapy. Subcutaneous injection of a rap- 
idly acting direct dopamine agonist, apomorphine hy- 
drochloride,** has been suggested as a simple tool to 
assess response to dopaminergic stimulation (apomor- 
phine test). Its predictive value has been shown for 
patients with advanced disease.** In contrast, the effec- 
tiveness of apomorphine has been debated in patients 
naive to dopaminergic drugs (“de novo” Parkinson syn- 
drome).’ Recently, it has been shown that the apomor- 
phine test predicts levodopa response in only 67% of 
untreated patients with Parkinson syndrome." In the 
present prospective study, we employed the widely 
used Unified Parkinson’s Disease Rating Scale 
(UPDRS)" to assess the effect of apomorphine injections 
and obtained correct predictions of response to sus- 
tained levodopa treatment in 81% of our patients with 
de novo Parkinson syndrome. 


SUBJECTS AND METHODS 


Patients referred to the movement disorder outpatient clinic 
were included in the study if they fulfilled the following criteria: 
(1) clinical diagnosis of Parkinson’s disease based on the United 
Kingdom Parkinson’s Disease Society Brain Bank Criteria’: 
(a) progressive disorder; (b) presence of at least two of the three 
cardinal features of parkinsonism (tremor, rigidity, or bradyki- 
nesia); (c) asymmetry of signs or initial symptom tremor; (d) ab- 
sence of clinical features characteristic of alternative diagnoses 
such as cerebellar disturbances, pyramidal tract involvement, de- 
mentia, and supranuclear gaze palsy; and (e) absence of a disease 
known to cause similar features; and (2) no previous dopaminer- 
gic medication. 

Informed consent was obtained and routine laboratory inves- 
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Fig 1.—Receiver operating characteristics for the ability of the apomor- 
phine test to predict an unequivocally positive response to levodopa on 
the one hand, and a negative or partial response on the other. Test vari- 
ables were the relative decrease of Unified Parkinson’s Disease Rating 
Scale, part IlI (UPDRS-IIl), scores (closed circles) and the speed of finger 
tapping (open triangles). The cutoff values for UPDRS-III scores are in- 
dicated; those for finger tapping are 0%, 10%, 20%, 30%, 40%, 50%, 
70%, and 90% improvement in finger-tapping speed. These values are 
omitted in the figure for greater clarity of presentation. 


tigations were performed in all patients, including determination 
of serum concentration of copper and ceruloplasmin and a cranial 
computed tomographic scan. Patients were pretreated with 
domperidone (Motilium) three times, 20 mg/d, for 2 days before 
testing and an additional 20- to 30-mg dose 1 hour before the in- 
jection of apomorphine to minimize peripheral side effects. Apo- 
morphine hydrochloride (Apomorphin-Woelm) was injected 
subcutaneously at an initial dose of 2 mg (in patients weighing 
<50 kg) or 3 mg (in patients weighing >50 kg). If no response was 
observed, the dose was increased to 4 or 5 mg after 30 to 45 min- 
utes, unless precluded by side effects. The test was performed in 
an “unblinded” fashion, since minor side effects (yawning, pal- 
lor, sweating) are observed after apomorphine injection in almost 
all subjects, so that a “blinded,” placebo-controlled protocol is 
infeasible. 

The effect of apomorphine was detectable 12 to 20 minutes af- 
ter injection and lasted between 30 and 60 minutes. Many patients 
felt unsteady or slightly nauseated for 60 to 90 minutes after the 
test when they attempted to walk. All recovered completely 
within 2 hours. Response was evaluated by clinical rating 
according to the Unified Parkinson’s Disease Rating Scale, part III 
(motor examination, UPDRS-III), and by measuring the speed of 
finger tapping (the number of contacts between thumb and index 
finger in 15 seconds, when the patient was instructed to tap these 
two fingers with a motion as large and as fast as possible, each 
hand) before and at 10-, 15-, 20-, and 30-minute intervals after the 
injection. The side of greater improvement was included in the 
analysis. Subsequently, patients were treated with a slowly 
increasing dose of oral levodopa/decarboxylase inhibitor 
(levodopa/carbidopa, 100 mg/25 mg, or levodopa/benserazide, 
100 mg/25 mg; average dose, 280 mg/70 mg; arbitrary maximum 
dose, 800 mg/200 mg), depending on clinical efficacy and toler- 
ance for at least 3 months. Response to levodopa was classified 
according to clinical examination as unequivocal, partial, or none 
by the same examiner who performed the apomorphine test on 
the occasion of at least one, usually multiple, outpatient visit. Five 
patients with a positive apomorphine test chose to delay levodopa 
treatment and commenced oral therapy with a dopamine agonist 
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alone. All of these patients showed improvement with this treat- 
ment and were included in the study as responders to oral 
dopaminergic medication. 


Statistics 

To evaluate the predictive “accuracy” of the apomorphine test, 
we used an established statistical procedure called receiver oper- 
ating characteristics (ROC). This is a simple method to judge the 
discriminating ability of a test result or a clinical finding for pre- 
dictive purposes” by calculating the sensitivity and the specific- 
ity of the test over a range of arbitrarily chosen cutoff points. Each 
data point in Fig 1 (modified ROC curve) represents the sensitiv- 
ity (on the x-axis) and specificity (on the y-axis) of the test calcu- 
lated for such an arbitrarily chosen cutoff point (eg, improvement 
in UPDRS-III rating of 0%, 10%, 15%, . . ., 100%). For an ideal test, 
the resulting curve would be displaced to the uppermost right 
corner of the graph. This is the case if sensitivity and specificity 
are 100% at the best cutoff point. If a test has no discriminating 
ability, the ROC curve is a straight line connecting the upper left 
and the lower right corners (sensitivity declining proportionally 
as specificity rises and vice versa). The amount of displacement 
of the curve to the upper right represents the probability that a 
randomly chosen subject will be correctly identified as a 
“levodopa responder” or “levodopa nonresponder.”'* Improve- 
ments in UPDRS-III rating in levodopa responders and nonre- 
sponders were also compared using the Mann-Whitney U test. 


RESULTS 


Patient characteristics are given in Table 1. Apomor- 
phine responders and nonresponders did not differ signif- 
icantly in age, duration, or severity of symptoms (Mann- 
Whitney U test). None of the patients had been treated with 
levodopa or dopamine agonists before. Five patients had 
previously received anticholinergic medication (methix- 
ene, biperiden); four, amantadine; and three, tricyclic an- 
tidepressant drugs. Eight of these 12 patients were apo- 
morphine responders, four nonresponders. Cranial 
computed tomography without contrast enhancement was 
performed in all 62 patients and showed pathological con- 
ditions in four: in one, a left-sided parietal ischemic lesion 
was found, in one a right-sided temporal posttraumatic 
lesion, in one a lacunar infarct in the left lenticular nucleus, 
and in one leukoaraiosis. 


Response to Apomorphine and Side Effects 


The UPDRS-III scores after apomorphine injection de- 
creased between 2 and 21 points in levodopa responders. 
In levodopa nonresponders, UPDRS-III scores increased 
after apomorphine injection in two patients by 1 and 3 
points; scores were unchanged in three patients; and scores 
decreased up to 7 points in 14 patients. The absolute im- 
provement depended largely on the severity of baseline 
symptoms. However, relative improvement as expressed 
by the percentage of change in UPDRS-III scores did not 
depend on the severity of presenting symptoms. This rel- 
ative improvement in UPDRS-III scores in response to 
apomorphine was significantly higher (mean, 40.7%; 
range, 9.1% to 90.9%) in patients who subsequently re- 
sponded to oral levodopa compared with levodopa non- 
responders (mean, 8.6%; range, —16.7% to 66.7%; P<.001, 
Mann-Whitney U test; Fig 2). 

Failure to respond to apomorphine could not be attrib- 
uted to the slightly lower baseline UPDRS-III scores in the 
nonresponder group. When patients were assigned to two 
groups based on initial UPDRS-III scores, the proportion 
of apomorphine responders did not differ significantly 
between groups (70% and 66%, respectively). 


Apomorphine Test—Gasser et al 


Table 1.—Patient Characteristics* OS 


Apomorphine 
Response 


Age, y, Mean+SD 
(Range) 


58.1+11.5 (44-81) 
60.9+11.7 (39-72) 
58.4+£11.4 (39-81) 





Positive 40 
Negative 19 
Total 59 


Duration of Disease, mo 
Mean+SD (Range) 


26.9+17.4 (4.1-76.2) 
21.9415.2 (5.4-64.8) 
23.1+16.9 (4.1-76.2) 


Baseline UPDRS-III Score, 
Mean+SD (Range) 


22.9+9.3 (4-46) 
17.9+9.8 (9-48) 
21.3+8.8 (4-48) 


Hoehn and Yahr Stage, 
Mean+SD (Range) 


1.60.6 (1-3) 
1.7+0.7 (1-3) 
1.7+0.7 (1-3) 











*Patient groups did not differ significantly with respect to these variables (Mann-Whitney U Test). UPDRS-III indicates Unified Parkinson’s Disease 


Rating Scale, part III. 
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Fig 2.—Relative change in Unified Parkinson’s Disease Rating Scale, 
part Ill (UPDRS-III), scores after injection of apomorphine. Mean values 
are significantly lower in levodopa nonresponders (8.6%) compared 
with levodopa responders (40.7%) (Mann-Whitney U test, P<.001). 


Minor side effects included yawning, mild sedation, and 
nausea and occurred in almost all patients tested. Marked 
sedation occurred in 13 patients (21%). Marked nausea 
without vomiting was seen in nine (15%) and nausea and 
vomiting in seven patients (11%). A decrease in blood 
pressure up to 40 mm Hg (mean, 18 mm Hg) and a change 
in pulse rate (mean increase, 12 beats per minute) was 
measured in most patients. One patient suffered from an 
orthostatic syncope but recovered within seconds. Fur- 
thermore, changes in skin color (pallor), mild vertigo, and 
urgency to void were noted. Occurrence and severity of 
side effects did not differ significantly between responders 
and nonresponders. The effect of the drug was unquanti- 
fiable in three patients owing to side effects. In all other 
patients (59), motor performance could be assessed. Only 
these patients will be included in the following analysis. 


Follow-up on Oral Dopaminergic Medication 
(Levodopa/Decarboxylase Inhibitor or Dopamine Agonist) 


| Forty-two (71%) of 59 patients were found to show un- 

equivocal improvement by oral levodopa or dopamine 
agonist treatment. In four (7%) we found a partial im- 
provement; 13 (22%) did not benefit at all (Table 2). 
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Table 2.—Response to Apomorphine and Levodopa in 
Patients With Parkinson’s Disease* 












Levodopa Response 
Apomorphine 
Response 






Positive Partial Negative Total 








Positive 





Negative 
Total 


*To arrive at the most cautious estimate of the value of the apomor- 
phine test, specificity was calculated grouping patients with a partial and 
negative levodopa response together. When the negative predictive 
value was calculated, partial responders to levodopa were considered 
positive. 

tPositive predictive value is 95% (38/40). 

+Negative predictive value is 63% (12/19). 

§Total correct predictions are 85% (50/59). Sensitivity is 90% (38/42); 
specificity (combined partial and negative levodopa response) is 88% 
(15/17). 





Evaluation of the Apomorphine Test 


To determine the test variable with the highest predic- 
tive value, a statistical analysis was carried out using ROC. 
In Fig 1, closed circles represent the sensitivities and spec- 
ificities of the apomorphine test, if the relative change of 
UPDRS-III scores after apomorphine injection is taken as 
a variable to predict response to levodopa for the cutoff 
points indicated. Triangles represent sensitivities and 
specificities for increase in finger-tapping speed as a test 
measure. As can be seen by the displacement of the two 
curves to the upper right, the test reaches a higher level of 
sensitivity and specificity if the improvement in UPDRS- 
II scores is chosen as a test variable as opposed to finger- 
tapping speed. Best results are obtained at a cutoff value 
of 20% improvement in rating scores. Using these test cri- 
teria, the sensitivity of the apomorphine test is 90%: 38 of 
42 levodopa responders were detected (Table 2). Fifteen of 
17 patients who showed no response or only a partial re- 
sponse to levodopa were correctly identified; ie, the spec- 
ificity was 88%. The positive predictive value was 95% 
(38/40 patients with positive apomorphine tests are levo- 
dopa responders, ie, “true positives”). Of 19 patients with 
negative apomorphine tests, 12 did not benefit from 
levodopa at doses up to 800 mg/d. Three patients reported 
partial improvement; four were levodopa responders 
(“false-negatives”). The negative predictive value of the apo- 
morphine test was only 63%. Together, the apomorphine test 
allowed the correct prediction of the response to oral 
levodopa in 85% (50/59) of the patients in whom the test 
could be evaluated (corresponding to 81% of all 62 patients 
entered into the study). If the maximum relative increase in 
finger taps per 15 seconds was chosen as a test measure, best 
predictive results were obtained at a cutoff point of 30% in- 
crease in finger-tapping speed, yielding a sensitivity of 75% 
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and a specificity of 68% (Fig 1). Likewise, global clinical judg- 
ment of the investigator classifying the apomorphine test as 
positive, partially positive, or negative resulted in a sensi- 
tivity of only 82.5% and a specificity of 75%. 


COMMENT 


Our study shows that the response to subcutaneous ad- 
ministration of apomorphine is useful in predicting the re- 
sponse to oral levodopa treatment in a high percentage of 
patients with untreated, mild Parkinson syndrome. Pre- 
_dicting the response to dopaminergic treatment may be 
particularly important in this group of patients, as it may 
help to generate homogeneous patient populations for 
studies of new therapeutic strategies. In previous studies, 
response to apomorphine has been shown to predict accu- 
rately the effect of sustained levodopa treatment in more 
than 90% of patients with advanced disease’ but only in 
67% of patients with de novo disease. Response to apo- 
morphine may be less dramatic and more difficult to eval- 
uate in patients with de novo disease for several reasons: 
if symptoms are mild, any improvement will be of a 
smaller degree. Placebo effects may be more likely to con- 
found the results. Furthermore, patients naive to dopa- 
minergic medication often experience severe autonomic 
side effects, interfering with the motor performance tested. 

The choice of the test variables deserves careful consid- 
eration in a test that does not produce results classifiable 
as normal or pathological a priori. Therefore, we analyzed 
the test results using three different measures: the clinical 
impression of the investigator, the speed of finger tapping, 
and the change in UPDRS-III rating. Relative improvement 
in UPDRS-III rating scores following apomorphine injec- 
tion was clearly the best predictor of the response to oral 
levodopa treatment. However, the negative predictive 
value of the test, ie, its ability to exclude even minor im- 
provement with sustained levodopa treatment, was only 
63%. This means that 37% (7/19) of patients with negative 
apomorphine tests showed either clear (four) or partial 
(three) improvement during levodopa treatment 
(500 mg/d in two and 800 mg/d in one patient). 

During the course of this study, marked autonomic dis- 
turbances developed in one of the latter patients (voiding 
dysfunction and marked orthostatic dysregulation), sug- 
gesting the diagnosis of Shy-Drager syndrome. It is well 
known that patients with parkinsonian syndromes occur- 
ring with other degenerative central nervous system dis- 
eases may experience some, but usually minor, benefit 
from levodopa.'*'® 

The major limitation of the apomorphine test in patients 
with early Parkinson syndrome therefore is its failure to 
detect a proportion of patients who will nevertheless 
experience partial or marked benefit from levodopa treat- 
ment. Thus, a negative apomorphine test does not justify 
the elimination of an adequate trial of oral levodopa in 
previously untreated patients. 

Our results agree with those of Hughes et al.” The 
slightly higher proportion of total accurate predictions in 
our patient population with de novo disease (81% as op- 
posed to 67%) may be the result of our test criteria 
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employing relative improvement in motor function and 
thereby improving test sensitivity in mildly affected pa- 
tients. Hughes et al found the levodopa test superior to the 
apomorphine test, allowing a correct prediction in 80% of 
cases, thus matching our results with apomorphine. 

We conclude that the acute pharmacological challenge 
with apomorphine is particularly useful in selecting pa- 
tients for drug trials, because the probability that a clearly 
positive apomorphine test will select patients with 
levodopa-responsive Parkinson’s disease is high. The 
commonly used UPDRS is a reliable test parameter. Fur- 
ther studies will be required to investigate whether im- 
proved testing paradigms, such as computer-assisted mo- 
tor performance tests, or other complementary diagnostic 
procedures, such as magnetic resonance imaging” or 
single-photon emission computed tomography,’ will al- 
low improvement in the ability to detect levodopa- 
responsive Parkinson's disease early in its course. 


This investigation was supported by grant BMFT 01KL9001 from 
the BMFT Research Program, Munich, “Parkinson’s Disease and 
Other Basal Ganglia Disorders.” 
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Treatment Trial of Oxiracetam in Alzheimer’s Disease 


Robert C. Green, MD; Felicia C. Goldstein, PhD; Alexander P. Auchus, MD; Robyn Presley; W. Scott Clark, PhD; 
Linda Van Tuyl, RNCS; Joanne Green, PhD; Steven M. Hersch, MD, PhD; Herbert R. Karp, MD 


e Twenty-four carefully assessed patients with probable 
Alzheimer’s disease were enrolled in a double-blind, 
placebo-controlled treatment study of oxiracetam, a 
nootropic agent reported to improve memory performance 
in patients with dementia. A broad battery of neuropsycho- 
logical tests failed to reveal any improvement in the treated 
group or in any treated patient when individual test scores 
were analyzed. These findings indicate that oxiracetam is 
ineffective in reducing cognitive impairment due to Alz- 
heimer’s disease. 
(Arch Neurol. 1992;49:1135-1136) 


C yclic derivatives of y-aminobutyric acid, termed 
nootropics, have been investigated as potential 
pharmacologic treatments for dementia. Oxiracetam (4- 
hydroxy-2-oxo-1-pirrolidine-acetamide) is a hydroxylated 
analogue of the nootropic agent piracetam and has been re- 
ported to improve target symptoms in patients diagnosed 
with multi-infarct dementia,' dementias of mixed causes, 
and dementia of the Alzheimer type.’ In this double-blind, 
placebo-controlled investigation, we evaluated the effects 
of oxiracetam on memory, language, and visuospatial/ 
visuomotor performance in Alzheimer’s disease. 


PATIENTS AND METHODS 


The 24 patients (mean [+SD] age, 71.7+6.4 years; educational 
level, 13.3+3.5 years) were referred to the Emory University/ 
Wesley Woods Memory Assessment Clinic, Atlanta, Ga, for eval- 
uation of dementia. All had appropriate neurologic, neuropsy- 
chological, laboratory, and imaging studies to determine a 
diagnosis of probable Alzheimer’s disease® with mild to moder- 
ate impairment (mean Mini-Mental State Examination’ score, 
21.3+2.8). Previous approval was provided by appropriate re- 
view boards, and informed consent was obtained from subjects 
or caregivers. 

After baseline neuropsychological tests were administered, 11 
patients received 800 mg of oxiracetam twice daily, and 13 
patients received placebo on the same schedule. All patients were 
reassessed after 1 month, and 15 patients (seven receiving oxirac- 
etam and eight receiving placebo) remained in the study to be 
retested after 3 months. Treatment durations of 1 and 3 months 
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were selected because previous reports of nootropic agents were 
conducted within this time frame.’*” Memory and language were 
measured with the Selective Reminding Test, Benton Visual Re- 
tention Test,'’ Boston Naming Test,’ Controlled Oral Word As- 
sociation,” and Token Test.'* Visuospatial and visuomotor func- | 
tions were assessed with Block Design’? and the Rey-Osterreith 
Complex Figure.’ Three parallel forms were available on all tests 
except the Block Design and Rey-Osterreith, and the order of test 
administration was counterbalanced across patients and across 
testing sessions. 

Two-sample tf tests were used to compare the treated and pla- 
cebo groups for demographic measures, baseline cognitive per- 
formance, and change scores during the course of treatment. 
Repeated-measures analyses of variance with group (drug or 
placebo) as the between-subjects factor and testing occasion 
(baseline, 1 month, or 3 months) as the within-subjects factor were 
performed. On the basis of a power of 80% and a type I error rate 
of 0.05, sufficient sample sizes were determined for each of the 
neuropsychological measures after estimating score changes that 
would be clinically important. An overall sample size of 24 sub- 
jects met these conditions for the following measures: Block De- 
sign, Boston Naming Test, Controlled Oral Word Association, 
Selective Reminding, and Benton Visual Retention. Statistical 
tests for the clinically important changes in the Rey-Osterreith 
and Token Test had slightly lower power on the basis of this 
sample size. 


RESULTS 


Two-sample t tests indicated that drug- and placebo- 
treated groups of patients were not significantly different 
(P>.05) in age, education, Mini-Mental State examination 
scores, or baseline performance on neuropsychological 
measures. Scores on each of the neuropsychological mea- 
sures for baseline and 1 month after treatment are pre- 
sented in the Table. 

Evaluation of the effects of oxiracetam on verbal mem- 
ory entailed analyses of two measures from the Selective 
Reminding Test: the total number of words recalled and 
the number of words recalled on at least two consecutive 
trials without reminding by the examiner (“long-term 
storage”). No effects of patient group, testing session, or 
interactions were significant for these variables. Analysis 
of performance on the Benton Visual Retention Test also 
did not indicate any significant effects or interactions. The 
potential benefit of oxiracetam on other cognitive abilities 
apart from memory was examined. There were no group 
effects, session effects, or significant interactions for mea- 
sures of expressive language (Boston Naming Test, Con- 
trolled Oral Word Association), language comprehension 
(Token Test), or visuospatial abilities (Block Design, Rey- 
Osterreith). 

The medication trial was discontinued by its corpo- 
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Neuropsychological Measures* — 
Placebo (n=13) 


Selective Reminding 
Total words recalled (72)t 
Long-term storage (72) 


Benton Visual Retention Test, total pictures recalled (10) 
Boston Naming Test, No. correct (15) 

Controlled Oral Word Association, No. of words for 2 letters 
Token Test, No. of points (22) 

Block Design, No. of points (51) 

Rey-Osterreith, No. of points (36) 


*Values expressed as mean+SD. 
tTotal possible in parentheses. 


rate sponsors, and so not all patients could be followed 
up past 1 month. However, seven patients treated with 
oxiracetam and eight patients receiving placebo under- 
went additional testing at 3 months. There were again 
no significant differences in the age, education, or Mini- 
Mental State examination scores of these groups. Mea- 
sures of verbal and visual memory, expressive lan- 
guage, and visuospatial/visuomotor abilities revealed 
no significant differences between oxiracetam- and 
placebo-treated patients. A repeated-measures analysis 
of variance on the change in scores on the Token Test, 
however, indicated a significant effect of occasion 
(P<.05). Scores at 3 months (mean+SD, 17.1+3.8) were 
significantly lower than those at 1 month (18.4+2.7), but 
the effect was comparable for both groups. 


COMMENT 


Preclinical studies of oxiracetam have documented im- 
provement of memory deficits in rats exposed to scopola- 
mine” or electroshock!’ and in aged rats.” In human trials, 
treatment with oxiracetam has been associated with im- 
proved neuropsychological test scores in patients with 
mixed dementia syndromes.'* However, these studies 
were not always double blinded and placebo controlled. 
Some failed to match control groups on pretrial assess- 
ments, and none of these specifically excluded vascular 
dementias in which some spontaneous improvement over 
time might well be expected to occur. Recent studies of 
other nootropic agents have also failed to show improve- 
ment in Alzheimer’s disease.*” 

Since Alzheimer’s disease is the most common form of 
dementia in the general community,” agents that have 
potential for improving cognitive function deserve careful 
study. Our results are based on a 1-month double-blind, 
placebo-controlled treatment trial of oxiracetam in highly 
selected patients with probable Alzheimer’s disease by re- 
search criteria. Experimental groups were carefully 
matched, and a broad battery of neuropsychological tests 
were administered, most with alternative forms to reduce 
the contribution of learning effects. Although small, our 
sample size was sufficient to detect clinically important 
changes in several of the neuropsychological measures 
with a power of 80%. Although we cannot rule out the 
possibility that a larger sample or a longer treatment trial 
might have detected subtle improvements, these results 
suggest that oxiracetam does not offer meaningful clinical 
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Baseline 


22.220 
7.5+6.8 


1:8£1.5 
10.8+3.5 
13.2275 
19.622.3 

PIEZ 
22.9+12.4 


1 Month 


23.067 
6.45.3 


£2219 
1T O£3.7 
13.98.7 
18.3+2.6 

8:8:7.9 
A TSIZA 


Oxiracetam (n=11) 


Baseline 


22.2+10.3 
6:57.7 


1.91.0 
8.0+3.3 
18.7+8:9 
19.622.5 
10.4+7.7 
22.2+9.9 


1 Month 


23:977.8 
6.5+4.0 


1.8213 

8523.9 
15.525.7 
19.622.2 
10.3276 
21.5+13.0 





improvement of cognitive function in patients with Alz- 
heimer’s disease. 


This research was supported by SmithKlein Beecham Pharmaceu- 
ticals, Philadelphia, Pa, the Emory Research Grant Committee, and 
National Institute on Aging grant P30AG10130. 
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Double-blind Parallel Design Pilot Study of 
Acetyl Levocarnitine in Patients With 
Alzheimer’s Disease 


Mary Sano, PhD; Karen Bell, MD; Lucien Cote, MD; George Dooneief, MD; Arlene Lawton, RN; Louise Legler, MA; 
Karen Marder, MD; Ali Naini, PhD; Yaakov Stern, PhD; Richard Mayeux, MD 


e Acetyl levocarnitine hydrochloride has been reported to re- 
tard dementia in patients with Alzheimer’s disease. In a 
double-blind, parallel design, placebo-controlled pilot study of 
30 mild to moderately demented patients with probable 
Alzheimer’s disease, tests of memory, attention, language, 
visuospatial, and constructional abilities were administered, 
and the level of acetyl levocarnitine was measured in the cere- 
brospinal fluid. Patients were then randomly assigned to re- 
ceive acetyl levocarnitine hydrochloride (2.5 g/d for 3 months 
followed by 3 g/d for 3 months) or placebo. After 6 months, 
the acetyl levocarnitine group demonstrated significantly less 
deterioration in timed cancellation tasks and Digit Span (for- 
ward) and a trend toward less deterioration in a timed verbal 
fluency task. No differences were found in any other neuropsy- 
chological test results. A subgroup with the lowest baseline 
scores, receiving acetyl levocarnitine, had significantly less de- 
terioration on the verbal memory test and a significant in- 
crease in cerebrospinal fluid acetyl levocarnitine levels com- 
pared with those receiving placebo. These results suggest that 
acetyl levocarnitine may retard the deterioration in some cog- 
nitive areas in patients with Alzheimer’s disease and stress the 
need for a larger study of this drug. 
(Arch Neurol. 1992;49:1137-1141) 


AS levocarnitine hydrochloride is structurally similar 

to acetylcholine and appears to play a role in cerebral 
glucose utilization and the stimulation of natural scavenger 
functions to reduce oxidized radicals. It has been reported to 
improve cognitive function in patients with Alzheimer’s dis- 
ease (AD).'* Parnetti et al' examined the mental state and be- 
havior in moderately to severely impaired patients with AD 
after the intravenous infusion of acetyl levocarnitine hydro- 
choloride (15 mg/kg over 5 minutes) in an open trial without 
a placebo control group. They found significant improve- 
ment over baseline on a mental status examination at 10 and 
60 minutes after drug administration. Guarnaschelli et al? 
treated a group of elderly patients with cognitive impair- 
ment of unclear origin for 6 months with acetyl levocarnitine 
hydrochloride (1.5 g/d by mouth) in an open trial. They 
found a significant improvement over baseline on a mental 
status examination, a rating of depression, and ratings on a 
geriatric rating scale at 3 and 6 months. Ina group of elderly 
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patients with mild cognitive impairment, Passeri et al’ found 
improvement over baseline performance with acetyl levo- 
carnitine hydrochloride (2 g/d for 3 months) on timed at- 
tentional tests, a memory test, and “global performance.” Re- 
sults of comparisons between drug and placebo groups were 
not statistically significant. Mantero et al* examined a group 
of elderly patients with severe cognitive deficits and found 
significant changes from baseline at the 3- and 6-month 
follow-up assessments following treatment with acetyl levo- 
carnitine. However, no comparisons with a placebo group 
were reported. 

We examined the effect of acetyl levocarnitine in patients 
with AD, as diagnosed by established criteria, who had a 
mild to moderate degree of impairment. A placebo- 
controlled double-blind parallel design was used. 


SUBJECTS AND METHODS 
Subjects 


Thirty patients between 60 and 80 years of age who met 
NINCDS-ADRDA? criteria for AD were sequentially enrolled in 
the study. Patients were recruited from a New York state-funded 
clinic for dementia. They were living in the community and had 
mild to moderate impairment, as measured by the Clinical 
Dementia Rating® of 1, and were taking no psychoactive medica- 
tions. All patients provided informed consent and had a regular 
care giver who was available throughout the study to monitor 
medication and to provide information about patient status. 


Outcome Measures 


Three types of outcome measures were made while investiga- 
tors were blind to drug or placebo assignment: cognitive tests, 
functional status, and clinical impression. 

A battery of neuropsychological tests was administered to as- 
sess cognitive function. This included the Verbal Selective Re- 
minding Test (SRT),’ with a 15-minute delayed recall and delayed 
recognition components; the modified Mini-Mental State Exam- 
ination (MMS),° which included Digit Span (forward and back- 
ward); the Logical Memory, Paired Associate, and Visual Repro- 
duction subtests from the Wechsler Memory Scale’; the Benton 
Visual Retention Test'—Multiple Choice Version (Match and 
Recognition tests); verbal fluency test for letter"; the category 
naming test'*; and a cancellation test that scores time and errors." 
For the Mini-Mental State Examination (MMS) described by Fol- 
stein et al, the result was estimated from the MMS. 

Independent activities of daily living and quality of life were 
assessed by the care givers using the Sickness Impact Profile 
(SIP) and the Squire’s Memory Questionnaire (SMQ).'° 

The third outcome measure was the Clinical Global Impression 
(CGI), completed by a physician who rated the severity of the pa- 
tient’s condition and then determined whether there was a change 
from baseline. Patients were rated by the same physician at 
8-week intervals. 


Procedures 


Patients were admitted to the General Clinical Research Center 
of the Columbia-Presbyterian Medical Center, New York, NY, for 
baseline assessments. These consisted of a neurologic examina- 
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Table 1.—Neuropsychological Test Performance Scores in the Whole Group at Baseline and 


Placebo (n=14) 


Memory 
SRT total recall 
Delayed recall 
Delayed recognition 


Wechsler Memory Scale 
Logical Memory 
Paired Associates 
Visual Reproductions 


Benton Visual Memory Test 
Match 
Recognition 


mMMS 


After 24 Weeks of Drug or Placebo* 


Baseline 
Drug (n=13) 
21.4 (7.6) 


0.5 (1.0) 
6.4 (2.0) 


22.1 (7.3) 
0.8 (0.8) 
7. (3.2) 


l-9 (2-2) 
5.8 (2.9) 


S93 (ce) 35.5 (5.4) 


Placebo 


16.0 (10.0) 
0.1 (0.3) 
5:2 (2.6) 


pad (aot 
6.4 (3.9) 
2.1 (2.1) 


7.1 (3.6) 
Jd (2-9) 


32.4 (9.3) 


21.2 (8.8) 
0.6 (1.6) 
6.5 (3.1) 


3.0 (1.6) 
6.5 (1.9) 
Er Ye 


7.8 (3.1) 
5.3 (2.4) 


34.3 (6.3) 


Cancellations 
Timet 
Omission errors 


233.8 (80.6) 
4.3 (7.7) 


Verbal fluency 
Letter 
Category 


34.5 (30.7) 
23.4 (13.0) 


Digit Span 
Forward 
Backward 


5.6 (1.1) 
3.8 (1.4) 


27.3 (15.6) 
38.7 (8.5) 


Sickness Impact Profilet 


Squires Memory Questionnaire 


227.8 (73.6) 
4.2 (7.5) 


299.2 (110.3) 
4.3 (5.9) 


235.0 (85.8) 
3.1 (7.5) 


24.8 (33.1) 
23.8 (6.5) 


26.3 (25.9) 
23.4 (13.0) 


26.8 (32.7) 
23.8 (6.5) 


4.9 (1.0) 
3.5 (0.7) 


25.5 (12.5) 
38.5 (8.3) 


5.5 (1.2) 
3.6 (1.5) 


24.1 (16.5) 
45.1 (10.8) 


5.5 (1.3) 
3.2 (0.8) 


22.9 (12.5) 
45.0 (8.8) 





*Values are mean (SD). SRT indicates Selective Reminding Test; mMMS, modified Mini-Mental State Examination. 


tHigher scores reflect poorer performance. 


Table 2.—Neuropsychological Test Performance 







Change After 24 Weeks of Drug or Placebo* 
Placebo Group Drug Group 
Test (n=14) (n=13) 









Memory 










SRT total Recall —5.3(7.6) —0.8 (7.0) 
Delayed recall —0.4(1.2) —0.4 (0.8) 
Delayed recognition —1.1(2.3) | —0.1 (2.0) 

Wechsler Memory Scale 

Logical Memory —0.4 (2.0) 0.1 (1.6) 

Paired Associates 0.9 (4.1) —0.6 (1.4) 

Visual Reproductions 0.2(1.7)  —0.4 (1.6) 

Benton Visual Memory Test 
Match =0.7 (2.2) 0.0 (1.6) 
Recognition 125 (241) 0.3 (2.2) 
mMMS —2.8 (4.3) —1.342.9) 



















Cancellations 






Time —62.1 (77.5) 4.0 (51.9)t 

Omission errors =2.7 (11.7) .—1.7 5.2) 
Verbal fluency 

Letter —5.0.(16.5) 2.0 (14.0) 

Category 0.2 (1.0) —0.9 (3.6) 
Digit Span 

Forward —0.1 (0.9) 0.6 (1.2)t 

Backward —0.3 (0.7) —0.2 (0.7) 
Sickness Impact Profile 3.2 (9.8) 5.4 (8.1) 





6.6 (11.7) 6.8 (8.3) 


*Values are mean (SD) change from baseline; negative scores reflect 
poorer performance. SRT indicates Selective Reminding Test; mMMS, 
modified Mini-Mental State Examination. 

tIndicates significant difference by t test and by Wilcoxon Rank-Sum 
test analysis (P<.05). 


Squires Memory Questionnaire 
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tion, a lumbar puncture, complete blood cell counts, routine blood 
chemistry determinations, thyroid function tests, serum vitamin 
B,2 level measurement, a battery of neuropsychological tests, and 
an assessment of independent function. 

Patients were then randomly assigned to receive active drug or 
placebo (with approximately half assigned to each group). Pa- 
tients, clinicians, and testers were blind to the drug or placebo sta- 
tus throughout the study. Acetyl levocarnitine hydrochloride was 
prepared in 500-mg tablets and was administered at a dose of 
2500 mg/d taken in three divided doses with meals (two tablets 
in the morning, one tablet at midday, and two tablets in the 
evening) for 12 weeks, followed by an increase to 3000 mg/d (two 
tablets in the morning, two tablets at midday, and two tablets in 
the evening) for an additional 12 weeks. The placebo group re- 
ceived an equal number of apparently identical tablets on the same 
schedule. Patients were discharged with a supply of medication 
and returned for outpatient visits at 4-week intervals. At each visit, 
patients were seen by a physician, were asked about adverse 
events, and underwent a brief neurologic examination, and a 
month’s supply of study medication was dispensed. Care givers 
were asked to complete the SIP and SMQ at each visit. The most 
recent supply of study medications was collected and counted to 
assess compliance. The CGI was completed by the clinician based 
on interviews with the patient and family members at 8-week 
intervals. 

Complete blood cell counts and routine blood chemistry deter- 
minations were repeated at 4 and 16 weeks. At 24 weeks, patients 
returned to the General Clinical Research Center and all baseline 
assessments were repeated. Another lumbar puncture was per- 
formed to assess the level of acetyl levocarnitine in the cerebro- 
spinal fluid (CSF). 

The level of acetyl levocarnitine in the CSF was quantified ac- 
cording to the method of Pande and Caramancion.” In brief, the 
acetyl portion of the drug was stoichiometrically converted to ci- 
trate in the presence of radiolabeled carbon 14 oxaloacetate, car- 
nitine acetyltransferase, and citrate synthetase. The amount of ra- 
dioactivity formed was determined. The CSF samples from 
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baseline and week 24 were stored at —70°C until the end of the 
study to protect the blind design. 


Data Analysis 


Because this was a pilot study, the analysis was designed to 
identify group differences on any measure and to examine safety. 
Therefore, no attempt was made to adjust for multiple compari- 
sons. For each patient, the difference between baseline and 24 
weeks was calculated for each cognitive and functional status mea- 
sure. Mean difference scores were generated for the drug and pla- 
cebo groups and comparisons were made with the use of a f test. 
The CGI ratings for the drug and placebo groups were also com- 
pared with the use of a t test at each 8-week interval. In addition, 
the Wilcoxon Rank-Sum test was used to compare the drug and 
placebo groups on each measure. Difference scores were catego- 
rized as stable (=0) or deteriorated (<0), and drug vs placebo 
group comparisons were examined with the use of x’ tests. 

In a post hoc analysis, patients were divided into two sub- 
groups of equal size, according to baseline mMMS scores. Drug 
vs placebo group comparisons were made within subgroups with 
high and low mMMS scores. To examine the association between 
CSF acetyl levocarnitine level and behavioral improvements, pa- 
tients in the drug group were also subdivided according to the 
difference in CSF acetyl levocarnitine level between baseline and 
24 weeks, and comparisons between these subgroups for cogni- 
tive measures were made with the use of t tests. 


RESULTS 


Three patients did not complete the trial. One became 
agitated, required antipsychotic medication, and with- 
drew from the study. Another patient died of a cause un- 
related to the study medication. The third patient broke the 
blind design of the study by having the study medication 
analyzed. Data for the remaining 27 patients were ana- 
lyzed. Compliance with the medication regimen was 
monitored and was found to be greater than 80% in all 
subjects who completed the 6-month trial. 

The drug and placebo groups were matched on demo- 
graphic variables and were equivalent on all measures at 
baseline. The means (SDs) for the drug and placebo groups, 
respectively, were as follows: age, 67.6 (6.0) and 71.2 (6.8) 
years; education, 14.2 (3.4) and 15.2 (3.5) years; duration of 
illness, 3.6 (1.3) and 3.0 (1.4) years; and estimated baseline 
MMS score, 18.4 (4.0) and 19.1 (3.2). 

Table 1 presents the baseline and 24-week performance 
for the two groups on each neuropsychological test. There 
was no significant difference between the two groups on 
any measure at baseline. Tables 2 and 3 list the change from 
baseline and the percentage of patients demonstrating sta- 
ble or improved performance on neuropsychological tests 
and measures of independent function. There was a 
significant improvement in the drug group compared with 


the placebo group on the cancellation task and Digit Span 
(forward). Borderline significance was demonstrated in 
the verbal fluency test (P=.052) and the Logical Memory 
subtest of the Wechsler Memory Scale (P=.052). There was 
a significant difference (P<.05) on the CGI at 8 weeks, but 
not at 16 or 24 weeks. There was no significant difference 
in either the SIP or the SMQ. The CSF levels of acetyl 
levocarnitine are shown in Table 4. There was no difference 
between the drug and placebo groups in the CSF concen- 
tration of acetyl levocarnitine. 


Results of Subgroup Analysis 


In the subgroup with low baseline mMMS scores, less 
deterioration was noted on the SRT in the drug group 
compared with the placebo group (P<.05). Table 5 de- 


Table 3.—Percent of Patients Demonstrating Stable or 
Improved Performance on Neuropsychological Tests 
After 24 Weeks* 


% Stable or Improved 

























aah See 
Placebo Group Drug Group 
(n=14) (n=13) 









Memory 


SRT total recall 21.4 38.5 
Delayed recall 75.0 81.8 
Delayed recognition 28.6 63.6 

Wechsler Memory Scale 

Logical Memory 38.5 66.7 

Paired Associates 54.5 58.3 

Visual Reproductions 727 54.5 

Benton Visual Retention Test 
Match 54.5 76.9 
Recognition 50.0 66.7 


mMMS 

Cancellations 
Time 

Omission errors 


100.0t 


Verbal fluency 


Letter 69.2t 


Category 76.9 76.9 
Digit Span 

Forward 57.1 92.3t 

Backward 57.1 61.5 
Sickness Impact Profile 64.3 72.7 


Squires Memory Questionnaire 


*SRT indicates Selective Reminding Test; mMMS, modified Mini- 
Mental State Examination. 
tIndicates significant difference by x? analysis (P<.05). 


| Table 4.—Acetyl Levocarnitine Levels in Cerebrospinal Fluid* : 


Baseline, ng/mL 


Drug (n=11) 
Placebo (n=14) 
Patients with mMMS score <35 


Drug (n=6) 
Placebo (n=6) 


Patients with mMMS score >35 
Drug (n=5) 
Placebo (n=8) 


1.54 (0.36) 
1.45 (0.36) 


1.41 (0.16) 
1.62 (0.30) 


1.64 (0.30) 
1.32 (0.30) 


24 wk, ng/mL 





Difference, ng/mLt 


0.163 (0.30) 
(t=1.4; NS) 
—0.029 (0.35) 


1.64 (0.22) 
1.42 (0.30) 


1.78 (0.16) 
1.49 (0.24) 


0.312 (0.22) 


~0.125 (0.32) | (52-0; P<.05) 


1.55 (0.25) 
1.36 (0.34) 


—0.014 (0.29) 


0.042 (0.38) | (17 NS) 


*Values are mean (SD). mMMS indicates modified Mini-Mental State Examination, NS, not significant. 


tNegative values indicate a decrease in acetyl levocarnitine level. 
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- Table cea atm Test Performance Scores Low Baseline mMMS at Baseline and After 24 Weeks - 
| of Drug or Placebo* 


Baseline 


Memory 
SRT total recall 
Delayed recall 
Delayed recognition 


18.3 (7.2) 
0.2 (0.4) 
5.8 (2.0) 


Wechsler Memory Scale 
Logical Memory 
Paired Associates 
Visual Reproductions 


2.4 (1.8) 
5.0 (1.1) 
Pe Be) 


Benton Visual Memory Test 
Match 
Recognition 


~mMMS 


Cancellations 
Timet 
Omission errors 


6.8 (2.6) 
4.0 (3.7) 


28.7 (3.6) 


236.0 (103.3) 
5.2 (3.2) 


Verbal fluency 
Letter 
Category 


ont NAN? 
13.8 (4.2) 


Digit Span 
Forward 
Backward 


4.8 (0.8) 
3.2 (1.0) 


Sickness Impact Profilet 40.5 (14.0) 


Squires Memory 


Questionnaire 33.5 (5.6) 


236.0 (58.6) 


i. G i oe ae Se ee 
Placebo 
8.0 (3.7) 


0.0 (0.0) 
5.0 (3.6) 


20.1 (7.1) 
0.0 (0.0) 
isd ak sed) 


2.4 (1.9) 
5.8 (2.0) 
0.8 (1.2) 


7.8.(3.1) 
5.3 (2.4) 


31.3 (3.9) 24.5 (5.0) 30.0 (3.5) 


334.6 (91.2) 
8.4 (9.3) 


224.8 (88.3) 


7.2 (3.8) 11.0 (5.4) 


20.0 (12.7) 
22.2 (8.6) 


19.3 (11.7) 
14.7 Get) 


23.0 (14.0) 
19.7 (8.7) 


4.6 (0.8) 
3.2 (0.4) 


33.0 (5.1) 


4.7 (0.5) 
3.0 (1.5) 


40.3 (10.0) 


SS (7.2) 
3.0 (0.6) 


28.2 (11.2) 


38.5 (10.3) 39.5 (11.0) 44.0 (8.0) 





*Values are mean (SD). SRT indicates Selective Reminding Test; mMMS, modified Mini-Mental State Examination. 


tHigher scores reflect poorer performance. 


scribes the baseline and 24-week performance for the two 
groups on each neuropsychological test. There was no sig- 
nificant difference at baseline on any test. The mean change 
in the SRT scores among those receiving drug was 1.4% 
increase, while the placebo group demonstrated a mean 
drop of 54% in memory test scores. This subgroup also 
demonstrated improvement in verbal fluency, cancella- 
tions, and Digit Span (forward). Among those patients 
with low mMMS scores, there was also a significant 
increase in the CSF acetyl levocarnitine level at 24 weeks 
(P<.05) in the drug group compared with the placebo 
group. There was no significant difference in neuropsy- 
chological test scores, CGI ratings, or CSF drug levels be- 
tween the drug and placebo groups among the patients 
with high mMMS scores. 

An additonal analysis compared subgroups of patients 
with high and low CSF changes. There was a trend toward 
improvement (P=.059) in the group with a high CSF drug 
level compared with the group with a low CSF drug level 
with regard to the time to complete the cancellation task. 


Summary of Adverse Events 


There were no changes in clinical hematologic or blood 
chemistry results, and few adverse events were reported. 
Four patients experienced adverse events that were 
deemed “possibly related to study medication.” Three pa- 
tients were in the placebo group, two of whom experienced 
nausea and vomiting and one of whom experienced 
abdominal discomfort. One patient in the drug group ex- 
perienced nonspecific abdominal discomfort. 
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COMMENT 


Our results could be interpreted to suggest that acetyl 
levocarnitine may retard the deterioration of performance 
on some tasks in patients with AD. The specific tasks 
demonstrating a benefit were Digit Span (forward), timed 
tasks of attention, and verbal fluency. Passeri et al’ also re- 
ported improvement in verbal fluency and in the comple- 
tion time of a target detection task. 

Previous investigations involving acetyl levocarnitine 
found no significant differences between drug and placebo 
and suggested that the treatment period may need to be as 
long as 6 months. In contrast, we found improvement in the 
CGI rating only at 8 weeks, with no benefit evident at 12 or 
24 weeks. 

We did not find a benefit in memory testing in the over- 
all analysis. This may be due to the small sample size in- 
volved in this pilot study. Results of the SRT were exam- 
ined to estimate the power of our study to detect a benefit 
in memory with the use of methods described by Cohen.’ 
The effect size from group mean and proportional com- 
parisons ranged from 0.4 to 0.6. The group size in our study 
yields power in the range of 18% to 33% for an a value of 
.05 (two-tailed). Based on the effect size in our study, a 
much larger sample size (30 to 45 per group) would be re- 
quired to achieve power of 80%. 

The subgroup analysis suggested that memory, atten- 
tion, and verbal fluency appear to be most improved in 
patients with moderate, rather than mild, impairment. 
These patients also demonstrated a significant increase in 
the CSF acetyl levocarnitine levels. In addition, post hoc 
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analysis suggested a relationship between CSF acetyl 
levocholine levels and improvement on a timed task. This 
relationship between central measures of the drug and a 
behavioral response to our knowledge has not been noted 
before, perhaps because previous studies used lower 
doses”* than were used in our study. 

Several reports have suggested an improvement in qual- 
ity of life, although this was not systematically measured. 
We found no evidence of an improvement in quality of life, 
as indicated by the absence of change on the SIP or SMQ. 

The mechanism of action of acetyl levocarnitine is 
unknown, but several possible mechanisms have been 
postulated. It has been reported to activate choline acetyl- 
transferase, increase high-affinity uptake, and have a spe- 
cific cholinomimetic effect.'? In addition, in rodent studies 
it has been found to increase gamma-aminobutyric acid in 
the substantia nigra.” This is of particular interest given 
our findings of benefits on timed tasks. Because disruption 
of this system is associated with cognitive and motor 
slowing, further studies might focus on patients with AD 
with extrapyramidal involvement. 

There have been no direct comparisons between acetyl 
levocarnitine and other agents in the treatment of AD. Clin- 
ical trials of tetrahydroaminoacridine”~” have yielded 
mixed results, with the most recent studies suggesting no 
benefit over placebo and substantial systemic side effects 
and laboratory abnormalities. Our study, along with previ- 
ous reports,'* suggests that acetyl levocarnitine is relatively 
safe, with no adverse systemic side effects and no changes 
in liver enzyme or serum electrolyte levels. 

Cholinergic agonists are relatively ineffective in improv- 
ing memory in patients with AD.” Clinical trials with 
cholinesterase inhibitors have yielded unclear results. Some 
studies with oral physostigmine salicylate report no bene- 
fit+” and others demonstrate small, but statistically signif- 
icant, improvement in memory in patients with AD,” par- 
ticularly when the drug is administered for relatively long 


_ periods.” We found a benefit on cognitive tests, but improve- 


4 


ment in memory was seen in only a subset of patients. 

Our study was a pilot study designed to identify possible 
directions for further evaluation of this drug under the rig- 
orous structure of a double-blind protocol. For this reason, 
we used many outcome variables to spread the widest pos- 
sible net to capture any domain of change. Because our ob- 
jective was to describe patterns of change to plan further in- 
vestigations, and not to make decisions about the efficacy of 
this drug, we have presented our results unadjusted for mul- 
tiple comparisons, as recommended by Rothman.” 

Overall, our study demonstrated mild improvement in 
attention and timed tasks in patients with AD. Benefits in 
memory were only seen in more impaired patients who 
also showed an increase in CSF acetyl levocarnitine 
concentrations. The relatively long exposure (ie, 6 months) 
to this drug was an attempt to examine the effect on dis- 
ease progression. However, it is unknown whether the 
specific outcome variables used herein were sensitive to 
progression of AD. Future efforts should be targeted to 
patients with moderate impairment and perhaps should 
employ longer intervals of drug exposure. 
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Topography of Cross-sectional and Longitudinal Glucose 
Metabolic Deficits in Alzheimer’s Disease 


Pathophysiologic Implications 


Gwenn S. Smith, PhD; Mony J. de Leon, EdD; Ajax E. George, MD; Alan Kluger, PhD; Nora D. Volkow, MD; 
Thomas McRae, MD; James Golomb, MD; Steven H. Ferris, PhD; Barry Reisberg, PhD; Joseph Ciaravino; Mary Ellen La Regina 


e Positron emission tomographic studies of cerebral glucose 
metabolism have shown high diagnostic specificity in distin- 
guishing among the degenerative dementias and differentiat- 
ing between Alzheimer’s disease (AD) and normal aging. The 
current investigation was undertaken to characterize the re- 
gional glucose metabolic deficits in AD, using cross-sectional 
and longitudinal study designs. All subjects met the National 
Institute of Neurological and Communicative Disorders and 
Stroke—Alzheimer’s Disease and Related Disorders Associa- 
tion criteria for AD (n=45) or were normal (n=20), and the AD 
subjects were subdivided into incipient and mild AD and mod- 
erate plus moderately severe subgroups based on the Global 
Deterioration Scale. The subjects underwent a non-contrast 
computed tomographic scan and a positron emission tomo- 
graphic (PETT VI) scan. The AD subjects (n=14) and normal 
control subjects (n=15) received evaluations 2 to 3 years after 
baseline study. The brain regions that show glucose metabolic 
deficits cross-sectionally (temporal and parietal association 
areas, with lesser degrees of deficit in subcortical gray matter 
structures), over the stages of AD, also show further deficits 
longitudinally within the same AD subjects. The reduction in 
glucose metabolism is greater than would be expected from 
the degree of brain atrophy. The glucose metabolic deficits are 
discussed in the context of neuropathologic findings and neu- 
rotransmitter deficits in AD. 
(Arch Neurol. 1992;49:1142-1150) 


iy the past decade, brain imaging techniques have been 

applied to the study of Alzheimer’s disease (AD) with 
the goals of providing a potential in vivo diagnostic marker 
and of documenting disease progression. Methods to 
evaluate brain structure (computed tomography [CT] and 
magnetic resonance imaging) and brain function (positron 
emission tomography [PET] and single photon emission 
computed tomography have been used.'’ Many studies, 
conducted in this laboratory'* and others’* have used PET 
and have demonstrated that glucose metabolic deficits in 
temporal and parietal association cortices consistently dis- 
tinguish AD patients from age-matched control subjects. 
However, the presence of a global metabolic deficit and the 
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involvement of other cortical and subcortical regions are 
not consistently reported. These discrepancies have been 
influenced by differences across studies in AD diagnostic 
criteria, patient disease severity, selection of normative 
reference groups, and neuroanatomic sampling of the PET 
scan. The few studies that have compared functional with 
structural imaging findings have shown that functional 
imaging techniques show greater sensitivity than struc- 
tural techniques in identifying pathologic features specific 
to AD. Positron emission tomographic findings with 
postmortem neuropathologic correlation have been re- 
ported in several cases.” Nonetheless, the extent to which 
the metabolic and perfusion deficits observed represent 
the imaging of reduced tissue volume or, alternatively, re- 
flect pathologic changes in the remaining tissue has not yet 
been established fully. 

Several studies!™" have examined the sensitivity of PET 
for monitoring the longitudinal progression of AD. The 


progression of deficits has been reported in analyses of ra- 4 


tios of affected to spared cortical areas (eg, parietal/ 
sensory motor, temporal/occipital, parietal/ frontal), cor- 
tical asymmetries, and absolute metabolic rates. The 
studies'”'* reporting ratios have demonstrated that after 
approximately 1-year follow-up the temporoparietal def- 
icits observed early in the course of AD become accentu- 
ated and other cortical regions become involved with dis- 
ease progression. A report”? of absolute metabolic rates 
demonstrated an exacerbation over time of the global def- 
icit, accentuated in the temporoparietal cortex. 

The purpose of the current PET study was to characterize 
further the pattern of glucose metabolic deficits in AD and 
to evaluate the progression of the observed patterns by com- 
paring patients across levels of disease severity in a cross- 
sectional study design and by studying patients longitudi- 
nally. Several features of the longitudinal study distinguish 
this from previous investigations. For example, this study 
encompasses longer follow-up intervals (2 to 3 years) than 
have been reported previously and a normal control group 
followed longitudinally was included for comparative pur- 
poses. The PET scan analysis includes relatively detailed 
neuroanatomic mapping, using each subjects’ CT scan as an 
anatomic reference for the PET region of interest analysis, 
and correlates of structural atrophic change were derived 
from the CT scan. The specific questions examined were (1) 
do the glucose metabolic deficits that are observed in early 
AD and with disease progression occur in excess of ventric- 
ular enlargement; (2) if the metabolic deficits exceed ventric- 
ular enlargement, what is the regional nature of these 


changes with the evolution of AD; and (3) do longitudinal 4- 


observations of glucose metabolic deficits confirm cross- 
sectional observations of progressive regional change? 
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SUBJECTS AND METHODS 
Subject Selection and Characteristics 


Subjects underwent the standard diagnostic protocol at the 


4 Aging and Dementia Research Center of the New York (NY) 


University Medical Center. The evaluations included medical ex- 
amination (complete medical history, physical examination, and 
standard laboratory tests), radiologic examination (CT scan), 
neurologic examination, psychiatric evaluation, and neuropsy- 
chologic assessment. Patients were selected if they met the 
National Institute of Neurological and Communicative Disorders 
and Stroke-Alzheimer’s Disease and Related Disorders Associa- 
tion criteria for probable AD or were normal." Subjects were 
excluded for a current or past history of significant neurologic 
disorders, substance abuse, significant psychiatric illness, or sig- 
nificant medical illness (including hypertension requiring more 
than diet and/or diuretics for control). The subjects meeting el- 
igibility criteria received a PET scan and were asked to repeat 
these clinical evaluations and the PET scan 2 years after the base- 


i line studies. Informed consent was obtained from the subjects af- 


ter the experimental procedures had been explained. 

The Global Deterioration Scale (GDS)"° was used as an index of 
disease severity. This is a seven-point ordinal scale scored by a 
clinician, based on the objective assessment of cognitive ability 
and performance of activities of daily living. The inter-rater reli- 
ability of the GDS has been determined in studies conducted in 
three disparate research settings (r=.82 to .97)'®* and reviewed by 
Reisberg et al.'’ In aged normal control subjects and subjects with 
progressive dementia, the GDS has been shown to correlate 
strongly with independent assessments of mental status and di- 
verse neuropsychologic measures. For example, the GDS was 
highly correlated with the Mini Mental Status Examination 
(r=0.89, n=154, P<.001) and a combined index of cognitive dys- 
function (weighted in immediate and delayed memory; r=0.86, 
n=251, P<.001),”” For the cross-sectional study described herein, 
the AD patients were divided into two groups based on GDS rat- 
ing. Patients with a score of 3 or 4 were placed into the incipient 
plus mild AD (i+m AD) group (n=23), and those with scores of 
5 or 6 were placed into the moderate to moderately severe AD 
(mod+ms AD) group (n=22). 

For the longitudinal study, 15 (33%) of the 45 AD patients and 
14 of the 20 (70%) control subjects returned for follow-up evalu- 
ations. In the AD group of 45 patients, the largest contributor to 
attrition was death (16 patients [36%]). The remaining patients 
were home-bound (four patients [8%]), placed in nursing homes 
(four patients [8%]), those who refused to return (two patients 
[7%]), or those who could not be located (four patients [8%]). 
Among the control subjects, three individuals (15%) refused to 
return, one subject (5%) could not be located, one subject (5%) was 
in a nursing home due to physical illness, and the scan of one 
subject was not included in the analysis due to technical artifact. 
Except for the subjects who were not available for follow-up, the 
diagnoses of normal or AD were confirmed by follow-up clinical 
evaluation, conducted either at the research center, at the nursing 
home, or at the patient’s home. The subjects with incipient 
dementia (GDS of 3) for whom a follow-up diagnosis could be 
ascertained (33% of subjects), deteriorated sufficiently to meet the 
criteria for AD (GDS of 4 or greater). Analyses were performed 
to evaluate whether the subjects who returned for the follow-up 
PET scan differed at baseline from those who did not return. There 
were no significant baseline differences across groups in age, sex, 
GDS, ventricular size, or regional metabolic rates. Therefore, the 
longitudinal cases appear to be representative of the larger group 
studied at baseline. Of the 10 deceased patients in the cross- 
sectional study, autopsies have been completed in three, all con- 
firming the diagnosis of AD. 


CT Procedure 


Non-contrast CT scans were obtained with a scanner (GE 9800, 


~¥ General Electric, Milwaukee, Wis) within 12 months of each PET 


scan. The scans were acquired in the transaxial plane, parallel to 
the canthomeatal line, in the same orientation as the PET scan. The 
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contiguous CT sections were 10 mm in thickness. The CT scans 
were repeated for the longitudinal cases. 

Two CT techniques were used as correlates of cerebral atrophic 
processes. A ventricle-to-brain ratio was computed by measuring 
the extent of the ventricles at the bifrontal, bicaudate, and third 
ventricle level; computing a ratio relative to each respective 
inner-table measurement; and calculating a sum of the three ra- 
tios. This measure is highly correlated with overall ventricular 
volume (r=0.75, n=88, P<.0001) and overall intracranial volume 
(r=.85, n=125, P<.001), as determined by quantitative CT analy- 
sis. The ventricle-to-brain ratio increases significantly in AD 
compared with normal aging, and it is sensitive to the longitudi- 
nal progression of AD.*'~ High inter-observer reliability has been 
obtained (r=.91, P<.001, n=109).* Given the sensitivity of this 
measure to atrophic processes in AD and its reliability, the 
ventricle-to-brain ratio was used as a correlate of global atrophic 
change in the analyses in which the set of PET regions of interest 
(ROIs) were used. 

In a second CT analysis, the proportion of cerebrospinal fluid 
(CSF) within the PET ROI was determined, using the software 
package described below. For the same cortical ROIs, as defined 
on the PET scan, the proportion of pixels falling within the user- 
defined CSF window was determined. It is important to note that 
the PET ROIs first identified on the CT scan were intentionally 
placed within the parenchyma to avoid CSF contamination of the 
metabolic rates from enlarged sulci secondary to cortical atrophy. - 
Therefore, the ROIs drawn on the CT scan are not a true repre- 
sentation of CSF within a given anatomic location, but they rep- 
resent the amount of CSF included in the relatively restrictive PET 
ROI. The limitations of such density techniques for the analysis 
of CT data have been described.” Both the global and regional CT 
measures of brain atrophy (ventricle-to-brain ratio and propor- 
tion of CSF) were used separately as covariates in the analyses of 
the PET data. 


PET Procedure 


All baseline PET studies were performed with ''C-2-deoxy-D- 
glucose (''C-2DG) as a tracer for glucose metabolism.” Follow-up 
PET studies were performed using 'F-2-deoxy-2-fluoro-D- 
glucose ('*F-2DG), which was prepared as previously described.” 
All studies were conducted with the PETT VI scanner,” which has 
a spatial resolution of 1.2*1.2X1.4 cm (full width at half maxi- 
mum). Subjects were placed in the scanner using an alignment 
procedure that involved drawing the canthomeatal line on the 
patient’s head, placing the patient in a head holder molded to the 
patient’s head, and adjusting the head position in a plane parallel 
to the canthomeatal line by using lateral and midsagittal laser 
references. First, a gallium-68 transmission scan was performed 
for attenuation correction and for registration with the CT scan. 
A 6- to 8-mCi bolus of ''C-2DG or a 5- to 7-mCi bolus of '*F-2DG 
was administered intravenously, for the baseline and follow-up 
studies, respectively. Radioactivity time curves were derived us- 
ing arterialized venous blood sampling. Scanning began 30 min- 
utes following isotope injection for ''C-2DG and 35 minutes later 
for '*F-2DG. During the uptake interval, subjects were placed in 
a quiet, dimly lit room, with eyes open and ears unoccluded. Two 
sets of seven sections offset by 7 mm were obtained, parallel to 
the canthomeatal plane. Metabolic rates were calculated using the 
methods of Reivich et al.” 


Image Analysis 


The PET and CT data were transferred to a computer work sta- 
tion. To achieve image correspondence, the user selected a CT 
slice and a comparable slice from the PET gallium-68 transmission 
scan. The geometric center of the CT section was calculated, and 
the skull outline from the CT section was overlaid on the PET 
section, so that the geometric centers of both scans matched. The 
user could then translate or rotate the CT section with respect to 
the PET section. The user indicated the best match. Regions of in- 
terest were drawn on the CT section and then overlaid on the 
emission PET section using the transformation indicated by the 
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geometric center matching and any subsequent translation or 
rotation. 

For the ROI analysis, anatomically comparable PET and CT 
sections were chosen at the level of the centrum semiovale, basal 
ganglia, and cerebellum. The ROIs that were identified included 
the frontal association cortex (superior frontal gyrus), motor cor- 
tex (precentral gyrus), somatosensory cortex (postcentral gyrus), 
parietal association (angular gyrus) and occipital cortices (cu- 
neus), white matter (corona radiata) and cingulate gyrus (anterior 
and posterior) at the centrum semiovale level and the frontal as- 
sociation (middle and inferior frontal gyrus), temporal associa- 
tion (superior, middle, and inferior gyri), periventricular white 
matter (adjacent to the frontal horns), basal ganglia (putamen and 
globus pallidus) and thalamus at the basal ganglia level, and the 
cerebellar hemispheres at the level of the cerebellum. The ROI 
sizes ranged from 14 to 23 pixels for the thalamus and basal gan- 
glia (108 to 178 mm’) to 26 to 52 pixels for the cortical regions (201 
to 402 mm’). The size and shape of regions remained constant 
across patients and within the two PET studies for a given patient. 


Data Analysis 


Statistical Methods.—The subject characteristics were analyzed 
with univariate analysis of variance (ANOVA; SPSS/PC+, 1989) 
and repeated-measure ANOVAs for the cross-sectional and longi- 
tudinal studies, respectively. The set of PET ROIs were subjected to 
multivariate analysis of variance (MANOVA) and multivariate 
analysis of covariance (MANCOVA) using the ventricle-to-brain ra- 
tio as a covariate, to determine whether a significant metabolic def- 
icit could be detected for the set of PET ROIs, given the amount of 
ventricular enlargement. Lateral asymmetries were analyzed usin 
asymmetry scores, ie, Absolute {1 — [(Right + Left) /(Right—Left)]}, 
with the same statistical design. Significant diagnosis effects were 
followed up with ANOVAs, using post-hoc Neuman-Keuls tests to 
assess the effect of diagnosis for each ROI. 

For the cross-sectional study, the data were analyzed to address 
diagnostic differences between the i+m AD patients, the 
mod+ms AD patients, and the control subjects. Diagnosis (three 
levels) was used as a between subjects factor and region (nine 
levels) as a within subjects factor in the MANOVA and MAN- 
COVA. To reduce the number of dependent variables used, com- 
posites were derived for the two frontal cortex ROIs, two white 
matter ROIs, and sensory and motor ROIs. For each ROL, right and 
left sides were averaged. 

For the longitudinal data, the statistical design examined the 
main effect of diagnosis (normal or AD). The MANOVA included 
two repeated-measure factors, time two levels: baseline and 
follow-up), and region (nine levels). As in the cross-sectional 
analyses, the ROIs were averaged for right and left sides and 
asymmetry scores were analyzed separately. For the MANOVA, 
significant diagnosis by region by time interactions were 
followed-up with ANOVAs to assess the diagnosis by time inter- 
action for each region. The regions that yielded a significant in- 
teraction were subjected to repeated-measure ANOVAs within 
each diagnostic group. In these post-hoc ANOVAs, the corre- 
sponding regional CSF estimates were used as covariates. 

To further establish the association between disease severity 
and glucose metabolic rates, Pearson Product Moment correla- 
tions were computed between the regional metabolic rates and 
the GDS score in the cross-sectional study. In the longitudinal 
study, correlations were computed between the difference in 
metabolic rate (Follow-up — Baseline) and the follow-up GDS 
score. It was not feasible to use the difference in GDS score as a 
variable because the range of difference scores is restricted. 
Therefore, the follow-up score was used in the analysis. 

Finally, discriminant function analyses were used to examine 
the sensitivities and specificities for diagnosis (AD or normal) of 
the glucose metabolic rates and ventricle-to-brain ratio. These 
findings are of particular interest in the cross-sectional sample, in 
which half of the patients are of incipient or mild disease severity 
and the differential diagnosis of normal aging and AD at these 
stages may be especially problematic. 
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Table 1.—Subject Characteristics; = 
Cross-sectional Study* 



















Female © GDS 
Study Group n Subjects, % Age, y (Range, 1-6) 
NC 20 67 69.4+6.5 1.7+0.5 









itm AD 23 45 
mod+ms AD 22 50 


68.4+9.3 
68.1+8.5 


3.6+0.5 
5.3205 





*GDS indicates Global Deterioration Scale; NC, normal control sub- 
jects; itm AD, incipient plus mild Alzheimer’s disease; and mod+ms 
AD, moderate plus moderately severe Alzheimer’s disease. 


Radiopharmaceutical Considerations.—In the longitudinal 
study, practical constraints resulted in the use of a different 
radiopharmaceutical for the baseline and follow-up PET scans 
("C-2DG and 'F-2DG, respectively). Elevations in metabolic 
rates, derived with 'F-2DG compared with "'C-2DG, were 
observed within the normal control group in the present study. 
A similar elevation was replicated in a tracer comparison study 
of four young normal control subjects, using each agent on one 
of two occasions, administered in a randomized order, separated 
by 1 week (N. Volkow , unpublished data, April 1989). The scans 
performed with '*F-2DG showed 14% higher global glucose met- 
abolic rates relative to the scans performed with '"C-2DG 
(58.3 mg/100 g per minute for '*F-2DG and 42.0 mg/100 g per 
minute for ''C-2DG). However, significant differences between 
the two tracers were not observed when the data were normal- 
ized by computing a ratio for each of the ROIs relative to the 
whole brain or to the cerebellar metabolic rate. 

The discrepancy in metabolic rates between F-2DG and 
"'C-2DG may be attributed to the lumped constant used in the 
calculations for '*F-2DG.” The radiochemical purity of the 
'SF-2DG used to derive the lumped constant in the initial exper- 
iments was 80% to 85%, as determined by thin-layer chromatog- 
raphy and high-pressure liquid chromatography techniques. 
These impurities are not found in the '*F-2DG used in the present 
study, obtained with a different synthesis method.” Reivich et 
al,” who conducted studies in rats in which '"F-2DG was admin- 
istered with varying degrees of impurities, determined that the 
presence of 15% to 20% impurities would underestimate the 
lumped constant by 12% to 16%. This is consistent with the mag- 
nitude of discrepancy observed in the metabolic rates determined 
by the use of '*F-2DG and "'C-2DG. 

Therefore, two approaches to correct for tracer differences were 
evaluated. First, ratios of the regional metabolic rates to rates in 
the cerebellum were computed, because the cerebellum has been 
shown in other PET and neuropathologic studies to be relatively 
spared in AD.** The absolute metabolic rate of the cerebellum did 
not significantly differ between groups in the cross-sectional 
study, and, in fact, the results of the regional analyses were the 
same using cerebellar ratios or absolute metabolic rates. In a sec- 
ond approach, for the longitudinal data, the AD and control val- 
ues were corrected for the mean global elevation in metabolic 
rates observed in the elderly control subjects over time. The use 
of either cerebellar ratios or corrected metabolic rates provided 
the same results. In this article, the results are presented with cer- 
ebellar ratios, the more conservative approach. The cerebellar ra- 
tio analyses were used for both cross-sectional and longitudinal 
studies to permit comparison across studies. 


RESULTS 
Cross-sectional Study 
Subject characteristics for the cross-sectional study are 
shown in Table 1. There were no between-group differ- 
ences in subject age or sex. 


The means and SDs of the regional cerebellar ratios for: 


the three groups and the correlations between GDS and the 
cerebellar ratios for the entire group are shown in Table 2. 
Given that significant ventricular enlargement was ob- 
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j Table 2.—Cerebellar Ratios and Ventricular Size for the Cross-sectional Study and Correlations With Disease Severity* — 
Study Groups, Mean+SD 
SS eae ee ee eee 

mod + ms AD 
(n=22)t 






Correlations 


Cerebellar Ratio NC (n=20) i+m AD (n=23)t With GDS§ 
















Region 





Frontal cortex 0.98+0.11 0.84+0.11 0.74+0.13+ —0.71 
White matter 0.76+0.09 0.68+0.07 0.63+0.08 —0.60 
Temporal cortex 0.96+0.12 0.77+0.11 0.70+0.09+ =071 
Parietal cortex LOrE 0.77+0.17 0.66+0.14+ —0.72 
Occipital cortex 1.14+0.15 0.93+0.18 0.87 +0.17¥# —0.57 
Sensory-motor cortex 1.01+0.12 0.84+0.10 0.77 +0.094 O72 
Cingulate gyrus 1.15+0.18 0.89+0.14 0.84+0.14 —0.66 
Basal ganglia LASEGA12 1.02+0.10 0.99+0.11 —0,52 
Thalamus 1.02£0.12 0.90+0.10 0.87+0.08 —0.47 
Ventricular size 0.645+0.10 0.758+0.11 0.816+0.08F 





*GDS indicates Global Deterioration Scale; for the explanation of study groups, see Table 1. 

+All regions were significantly different from normal control subjects as a result of ANOVA with a post-hoc Neuman Keuls test (P<.01), to follow-up 
the significant multivariate effect. 

+Significantly different from i+m AD group as a result of ANOVA with a post-hoc Neuman Keuls test (P<.01), to follow up the significant mul- 


tivariate effect. 
§Significant Pearson Product Moment Correlation (P<.001) for all regions. 


served in the itm AD patients compared with the control 
subjects (17% increase) and in the mod+ms AD patients, 
relative to both the i+m AD patients and the control sub- 
jects (8% and 26% increase, respectively; F[1,64]=17.41, 
P<.001), the ventricle-to-brain ratio was included as a co- 
variate in the analyses as an index of global atrophic 
change. 

The MANOVAs and MANCOVAs demonstrated a sig- 
nificant main effect of diagnosis (normal, itm AD, 
mod+ms AD) for the metabolic rates both without (Hotell- 
ing’s t[18]=4.60, P<.001) and with covariation for 
ventricular size (Hotelling’s ¢[18]=2.22, P<.01). The 
MANOVAs calculated for the regional asymmetries failed 
to show a significant diagnosis effect without and with co- 
variation for ventricular size (Hotelling’s t{14]=1.15, P>.1, 
and Hotelling’s t[14]=0.99, P>.1, respectively). For the 
post-hoc ANOVAs, all regions showed significant diagnos- 
tic effects, with probability values less than .01. The 
follow-up Neuman-Keuls tests demonstrated that the met- 
abolic deficits that distinguished i+m AD from control sub- 
jects were located in the parietal (—24%, change relative to 
control), temporal (—20%), occipital (—18%), and frontal 
(—14%) association cortices; cingulate gyrus (—23%); pri- 
mary sensory-motor cortex (—17%); white matter (—11%); 
thalamus (—12%); and basal ganglia (—11%). As expected, 
the same regions: parietal (—35%), temporal (—27%), occip- 
ital (—24%), and frontal (—24%) association cortices; cingu- 
late gyrus (—27%); primary sensory-motor cortex (—24%); 
white matter (—16%); thalamus (—15%); and basal ganglia 
(—14%) showed significant defects in the mod+ms AD 
cases compared with the control cases. Significant deficits 
in parietal (—14%), frontal (—12%), and temporal (—9%) as- 
sociation cortices and sensory-motor (—8%) cortex were ob- 
served between the I+m AD and the mod+ms AD cases, 
indicating that these cortical defects show progression 
across the stages of AD. The fact that deficits in the thala- 
mus, basal ganglia, cingulate gyrus, and occipital cortex 
were observed in both severity groups compared with the 
normal control subjects, but not between the two severity 
groups, suggests that these decrements are part of a global 
metabolic deficit observed early in the disease course and 
that the deficits in these structures do not progress over 
time to the same extent as the other cortical deficits. It is 
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important to note that analysis of the incipient (GDS 3) AD 
cases compared with the control cases also revealed a sig- 
nificant diagnosis effect in the MANOVA and that the same 
regional pattern of deficits in the post-hoc ANOVAs was 
obtained as when GDS-3 AND GDS-4 patients were com- 
bined (data not shown). Therefore, the effects observed in 
the i+m AD group are attributable to deficits at both levels 
of severity. Discriminant function analyses were computed 
for the temporal and parietal association cortices, the areas 
most consistently involved in AD, as well as the ventricular 
measurement, to compare the sensitivities (correct classi- 
fication of AD patients) and specificities (correct classifica- 
tion of normal control subjects) for PET and CT. Table 3 pre- 
sents the results of these analyses, for the normal control 
subjects and the entire AD group and for the control sub-. 
jects and the i+m AD subjects only. In the total AD sample, 
the temporal lobe metabolic rate shows the greatest sensi- 
tivity (correct identification of AD patients, 95%) and the 
parietal lobe and the ventricular measurement show 
slightly less sensitivity (88.6%). The analysis is limited to the 
i+m AD cases, relatively high sensitivities are also ob- 
tained, in this instance greater for temporal cortex (86.4%) 
and parietal cortex (81.8%) than ventricular size (77.3%). 
The sensitivity and specificity do not improve significantly 
by combining both metabolic rate and ventricular size (data 
not shown). 


Longitudinal Study 


Subject characteristics for the longitudinal study are 
shown in Table 4. There are no significant between-group 
differences in age, sex, or follow-up interval. However, the 
patients significantly declined in global severity. This was 
determined by analysis of the GDS scores for which the 
main effects of diagnosis (F[1,28]=123.28, P<.001) and time 
(F[1,28]=19.55, P<.001) and the diagnosis by time interac- 
tion (F[1,28]=8.69, P<.01) were significant, accounted for 
by increasing severity in the patients only (F[1,13]=15.17, 
P<.01). 

The means and SDs for the longitudinal data are shown 
in Table 5. The correlations between the difference in met- 
abolic rates over time and follow-up GDS score are shown 
in Table 6. In regard to ventricular enlargement, there were 
significant main effects of diagnosis (F[1,26]=49.89, 
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Table 3.—Results of Discriminant Function Analyses for Normal Aging and AD* | 
NC vs i+m AD (n=43) 


NC vs All AD (n=65) 


Sensitivity, % 
Temporal lobe metabolic rate 
Parietal lobe metabolic rate 


Linear ventricular measure 





Specificity, % 


Sensitivity, % Specificity, % 


*NC indicates normal control subjects; AD, patients with Alzheimer’s disease; and i+m AD, patients with incipient plus moderate Alzheimer’s 


disease. 


Table 4.—Subject Characteristics: Longitudinal Study* 


Baseline 
Age, y 


Female 


Group Subjects, % 


70.5+6.3 
702£9.7 


*GDS indicates Global Deterioration Scale. 
tSignificantly different from baseline (F[1,13]=15.17, P<.01). 


P<.001) and time (F[1,28]=9.72, P<.01) and a significant 
diagnosis by time interaction (F[1,28]=8.99, P<.01). The 
increase in ventricular size was significant for the patients 
only (F[1,13]=8.78, P<.05, a 13% increase relative to base- 
line). The normal subjects showed no change. Therefore, 
the statistical analyses of the PET data were conducted us- 
ing the CT measurements as covariates. 

Repeated-measure MANOVAs demonstrated signifi- 
cant main effects for diagnosis (F[1,28]=24.15, P<.001), 
region (Hotelling’s t[8]=73.22, P<.001), and time 
(F[1,28]=6.17, P<.05) and significant diagnosis by region 
(Hotelling’s t[8]=3.23, P<.05), diagnosis by time 
(F[1,28]=9.38, P<.01), region by time (Hotelling’s 
t[8]=35.33, P<.001), and diagnosis by region by time (Ho- 
telling’s t[8]=7.66, P<.001) interactions. Analyses of the 
asymmetries in metabolic rates over time did not reveal 
significant main effects for diagnosis (F[1,28]=2.45, P<.1), 
region (Hotelling’s t[6]=1.89, P>.1), and time (F[1,28]=0.93, 
P>.1); and they did not show significant diagnosis by re- 
gion (Hotelling’s t[8]=0.67, P>.1), diagnosis by time 
(F[1,28]=0.27, P>.1), region by time (Hotelling’s t[8]=0.67, 
P>.1), and diagnosis by region by time interactions (Ho- 
telling’s t[8]=0.86, P>.1). 

Given the significant diagnosis by region by time inter- 
action, post-hoc repeated-measure ANOVAs were per- 
formed for each ROI. The frontal, temporal, and parietal 
association cortices; occipital and sensory-motor cortices; 
and cingulate gyrus showed significant diagnosis by time 
interactions (P<.01 in each instance), while the thalamus 
and basal ganglia did not. Analyses were also performed, 
using the regional CSF measurements as a covariate in the 
analyses of the cortical ROIs. The only region that did not 
show a significant interaction was the cingulate gyrus 
(F[1,19]=0.47, P>.1). 

Finally, repeated-measure ANOVAs were performed 
within each diagnostic group for the regions that demon- 
strated a significant diagnosis by time interaction, after 
covariation for the regional CSF measurements. For the 
normal control subjects, none of the regions showed 
significant change over time, after covariation with the CT 
measurements. In the AD patients, the temporal (—19%), 
parietal (—20%), and frontal (—16%) association cortices 
and cortical white matter (—15%) showed significant 
declines over time, also after covariation for CSF within the 
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Baseline GDS 
(Range, 1-6) 


Follow-up 
Interval, mo 


42.5+13.3 
35.9+10.6 


Follow-up GDS 
(Range, 1-7) 


1.9+0.4 
5.4+0.9t 


ROI. The sensory-motor and occipital cortices did not dif- 
fer significantly from baseline (—5% and —1% change, 
respectively). 

Therefore, the normal control subjects did not demon- 
strate ventricular enlargement or metabolic reductions 
over the interval studied. The AD patients showed signif- 
icant reductions over time in frontal, temporal, and pari- 
etal association cortices and in cortical white matter met- 
abolic activity. The reductions were in excess of the 
structural atrophic change observed. The sensory-motor 
and occipital cortices, cingulate gyrus, basal ganglia, and 
thalamus did not decline significantly over time. 


COMMENT 


In the cross-sectional study, the itm AD cases were 
characterized by a global metabolic deficit, with the most 
prominent regional differences in the frontal, temporal, 
and parietal association cortices and cingulate gyrus. In the 
more advanced stages of the illness, the deficits in the re- 
gions most affected in the early stages, the cortical associ- 
ation areas, become more pronounced. Deficits in the basal 
ganglia, thalamus, cingulate gyrus, and occipital cortex do 
not significantly worsen, as revealed by the lack of change 
observed in the comparison of the itm AD with the 
mod+ms AD patients. In addition, relatively higher cor- 
relation coefficients were obtained for the regions most 
sensitive to disease progression. 

Relatively high sensitivity was obtained for the identifi- 
cation of AD patients, using the metabolic rates of the 
temporal and parietal association cortices and ventricular 
size. The sensitivities remain fairly high when the analysis 
is limited to the i+m AD cases. This demonstrates the di- 
agnostic sensitivity of PET, particularly in the early stages 
of AD when the deficits are less pronounced. As men- 
tioned in the “Subjects and Methods” section, the diag- 
noses of AD in the cross-sectional sample were confirmed 
at follow-up examination and the i+m AD subjects who 
were re-examined deteriorated sufficiently to meet criteria 
for AD. 

The longitudinal data revealed that the cortical associa- 
tion areas affected cross-sectionally over the stages of AD 
show the greatest progression within patients. Significant 
decline was found in the cortical association areas, but not 
in the sensory-motor cortex or the subcortical gray-matter 
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Table 5.—Means+SDs for Cerebellar Ratios for the Longitudinal Study 


NC (n=15) 
pe” = 2. es ws 


AD (n=14) 


Ratios 
Frontal cortex 
White matter 
Temporal cortex 
Parietal cortex 
Sensory-motor cortex 
Occipital cortex 
Cingulate gyrus 
Basal ganglia 
Thalamus 


Baseline 


0.96+0.10 
0.73+0.07 
0.93+0.10 
0.99+0.11 
0.99+0.11 
1.10+0.13 
1,130.18 
1.14+0.15 
1.01+0.11 


Follow-up 


0.98+0.14 
0.68+0.09 
1.01+0.14 
1.06+0.14 
1.04+0.14 
1.28+0.17 
1.15+0.21 
1.1240,17 
1.07+0.14 


Baseline 


0.80+0.16 
0.68+0.10 
0.80+0.14 
0.75+0.17 
0.84+0.11 
0.91+0.23 
0.94+0.15 
1.01+0.12 
0.93+0.12 


Follow-up 


0.67+0.20t 
0.58+0.15t 
0.65+0.17t 
0.60+0.26t 
0.80+0.13 
0.90+0.30 
0.89+0.25 
1.00+0.10 
0.94+0.11 





0.650+0.08 0.652+0.07 


*NC indicates normal control subjects; AD, subjects with Alzheimer’s disease. 
+Significantly different from baseline metabolic rate, based on repeated measures ANOVA (P<.05), to follow up the significant multivariate effect. 


Ventricular size 0.796+0.09 0.913+0.11t 













= Table 6.—Correlations Between Disease Severity at 
-Follow-up Examination and Longitudinal Difference in 
ee Glucose Metabolic Rate 


Cerebellar Ratio Correlations 


Frontal cortex 
White matter 











Temporal cortex —0.67* 


Parietal cortex 





Sensory-motor cortex 


Occipital cortex —0.38t 
Cingulate gyrus —0.58+ 
Basal ganglia —0.01 


Thalamus 


Ventricular size 


*Significant Pearson Product Moment Correlation (P<.001). 
tSignificant Pearson Product Moment Correlation (P<.05). 
Significant Pearson Product Moment Correlation (P<.01). 


structures. Consistent with the findings of the cross- 
sectional study, relatively higher correlations were ob- 
tained between GDS at follow-up and the difference in 
metabolic rates for the regions most sensitive to disease 
progression. The discrepancy between the cross-sectional 
finding of sensory-motor cortex decline and the lack of 
decline in the longitudinal study may be explained by the 
fact that, in the cross-sectional study, there was a greater 
difference in clinical severity (disease progression) across 
AD groups than in the longitudinal study. However, the 
white-matter metabolic rates showed significant change in 
the longitudinal, but not in the cross-sectional, study. The 
greater involvement of the cortical association areas both 
cross-sectionally and longitudinally may be interpreted as 
in vivo evidence of the predilection of the AD process to 
the cortical association areas. 

Previously published cross-sectional data, comparing 
young control subjects with elderly control subjects, from 
this laboratory” and others,” have not observed decre- 
ments in glucose metabolism with the normal aging pro- 
cess, within the age range examined (20 to 80 years). In the 
present study, the absence of significant longitudinal de- 
cline in glucose metabolism in the aged control subjects is 
consistent with the absence of clinical change in these sub- 
jects and supports the earlier conclusions derived from 
cross-sectional data. 
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The results of the cross-sectional and longitudinal stud- 
ies demonstrate that although significant ventricular en- 
largement occurs in AD and progresses over the course of 
the illness, the magnitude of structural change does not 
exceed the degree of the glucose metabolic deficits ob- 
served. This is consistent with other articles,*'~? in which 
PET data are corrected for atrophy using CT scan estima- 
tions of cortical CSF or ventricular size. However, ad- 
vances in structural imaging technology have resulted in 
the ability to derive gray-matter volumes from magnetic 
resonance imaging scans.” Therefore, in this laboratory, 
methods are being applied currently that may be more 
sensitive to parenchymal loss and can be used in the atro- 
phy correction of PET data. 


Correlation of PET Data With Neuropathologic Findings 


In both the cross-sectional and longitudinal studies, the 
maximal metabolic deficits were observed in cortical asso- 
ciation areas and the cingulate gyrus. This pattern of met- 
abolic deficits may be reflective of underlying pathologic 
changes in the limbic system. One of the most striking 
neuropathologic observations is the prominence of histo- 
pathologic markers and neurochemical deficits in the hip- 
pocampus and the destruction of the cells of origin of the 
perforant pathway.” The pyramidal neurons most af- 
fected in the hippocampus receive projections from the 
cortical association areas, and they are the source of pro- 
jections from the hippocampus to the association cortices. 
While the spatial resolution of the PETT IV scanner does 
not permit accurate evaluation of these medial temporal 
lobe structures, recent work using magnetic resonance im- 
aging scans and high-resolution PET scans have shown the 
feasibility of imaging these structures.*** 

However, based on the connectivity between the hip- 
pocampus and the cortical association areas and cingulate 
gyrus, the “denervation” of the hippocampus would be 
expected to produce defects in these cortical areas. In ad- 
dition, the cognitive symptoms of AD are consistent with 
involvement of the corticolimbic pathways.” 

The regional pattern of glucose metabolic deficits in AD, 
particularly the vulnerability of the cortical association ar- 
eas, is consistent with reports of cortical involvement in the 
neuropathologic literature. In terms of the hallmark patho- 
logic changes of AD, Kemper’s article* concludes that 
there is a “gradient of increasing plaque density,” such that 
the maximal number of senile plaques is observed in the 
association cortices and the least number of plaques is 
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found in the sensory and motor primary projection areas 
of the temporal, parietal, frontal, and occipital cortices and, 
to an even lesser extent, in the thalamus and basal ganglia. 
The distribution of neurofibrillary tangles displays a sim- 
ilar “gradient” in the cerebral cortex. The relative preser- 
vation of primary sensory and motor regions corresponds 
to the relative preservation of motor and sensory function 
in patients.“ In a recent, neuroanatomically detailed study, 
Arnold et al* characterized a series of AD brains in terms 
of both plaque and tangle distributions. The senile plaques 
showed a more diffuse distribution across cortical areas, 
relative to neurofibrillary tangles. The neurofibrillary tan- 
gles showed a distribution that closely correlated with cy- 
toarchitectural patterns, with the maximal pathologic fea- 
tures observed in the temporal association cortices. 
Therefore, this study, in which the neuropathologic mark- 
ers were characterized in the same brains across a variety 
of brain regions, suggests that the neurofibrillary tangle 
distribution correlates best with the neurometabolic 
change observed with PET. 


Significance of the Glucose Metabolic Deficit in AD 


It is important to determine whether the glucose meta- 
bolic deficits documented with PET are the reflection of 
other pathologic changes documented in AD or whether 
the metabolic reductions represent a more primary patho- 
logic process from which other deficits may result. Several 
hypotheses should be considered. First, the metabolic re- 
ductions observed may be secondary to neuronal loss; 
second, the metabolic reductions may be secondary to al- 
terations in neurotransmitter activity; and third, reduced 
metabolism may be a primary event that leads to neuro- 
transmitter deficits and, subsequently, to neuronal death. 
These issues will be addressed separately below. 


Glucose Hypometabolism Secondary to Neuronal Loss 


Several lines of evidence suggest that the metabolic and 
biochemical changes exceed the amount of neuronal loss 
and may precede neuronal dropout. The present PET and 
CT data, in addition to previous studies**'** comparing the 
glucose metabolic defects to the structural atrophic change, 
demonstrate that both global and regional metabolic de- 
fects are in excess of ventricular or sulcal enlargement. 
These CT findings await further confirmation from quan- 
titative magnetic resonance imaging studies. These consis- 
tent results suggest that the metabolic defect in AD is not 
merely a reflection of the imaging of less tissue, but that me- 
tabolism is disrupted in the remaining tissue. In addition, 
neuropathologic data suggest that the neurotransmitter 
deficits for a given region also exceed the magnitude of neu- 
ronal loss for that region. For example, Hansen et al* have 
shown that the decline in choline acetyltransferase in cor- 
tical samples in AD is in excess of the amount of neuronal 
loss. It is important to note that, within the nucleus basalis 
of Meynert, the primary source of cholinergic input to the 
cortex, the loss of choline acetyltransferase is correlated 
with neuronal loss.” However, the loss of choline acetyl- 
transferase in the nucleus basalis of Meynert is not corre- 
lated with cortical cell loss. Therefore, while the metabolic 
and neurotransmitter deficits observed may, in part, be at- 
tributed to neuronal loss, the excess of metabolic and neu- 
rochemical change, particularly in the cortical target areas 
of subcortical neurotransmitter nuclear groups, implies 
that the remaining neurons may be functionally impaired 
and that these impairments may precede neuronal death. 
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Glucose Hypometabolism Secondary to 
Neurotransmitter Deficits 


There is a growing literature demonstrating that alter- 
ations in neurotransmitter function (produced by agonist 
or antagonist administration or excitotoxic lesion of the cell 
bodies of origin of neurotransmitter projection systems) 
affect glucose metabolic rates in patterns that, to varying 
degrees, overlap with known neurotransmitter pathways, 
depending on the neurotransmitter system examined and 
specificity of pharmacologic perturbation (see reference 48 
for a review). Given the multiple neurotransmitter reduc- 
tions in AD, one or more of these deficits may account for 
the pattern of glucose metabolic abnormalities. Although 
the most consistently documented neurotransmitter loss in 
AD is acetylcholine,” the topography of the cholinergic 
deficit does not correlate with the regional distribution of 
AD-specific histopathologic changes and the regional pat- 
tern of glucose utilization. Studies of muscarinic receptor 
distributions, characterized by postmortem autoradiogra- 
phy” and by in vivo radioligand studies’'*’ have demon- 
strated that muscarinic cholinergic receptors are diffusely 
distributed throughout the cortex and hippocampus, with 
a higher density in basal ganglia and visual cortex. The 
synthetic enzyme choline acetyltransferase and the degra- 
dative enzyme acetylcholinesterase are diffusely distrib- 
uted in the cerebral cortex, with increased concentrations 
in primary sensory cortices.“ In addition, neurotoxic 
lesions of the nucleus basalis of Meynert produced cogni- 
tive deficits similar to that reported in AD, but the result- 
ing loss of cortical choline acetyltransferase is associated 
with global and transient effects on glucose metabolism 
and it does not explain the regional metabolic pattern ob- 
served in AD.: Administration of the muscarinic recep- 
tor antagonist scopolamine has been used to model the 
cholinergic hypofunction of AD. In studies of acute ad- 
ministration to young, normal control subjects, both the 
pattern of cognitive impairment and the deficit in cerebral 
blood flow (a global decline, accentuated in the frontal 
cortex) are more similar to profiles observed in normal ag- 
ing, rather than AD.” Correlations between postmortem 
biochemical markers and PET glucose metabolic data ob- 
tained prior to death reveal that choline acetyltransferase 
and acetylcholinesterase did not correlate with metabolic 
rates in a sample of AD patients.“ Therefore, while these 
studies indicate that the global deficit in glucose metabo- 
lism in AD may be related to cholinergic hypofunction, the 
relatively greater involvement of the cortical association 
areas cannot be explained by the topography of the 
cholinergic system. 

Of the numerous neurotransmitters affected in AD, no 
other system has been characterized to the same extent as 
the cholinergic system. However, glutamate is the primary 
transmitter of the cortical association pathways and of the 
perforant pathway” and, in AD, significant pathologic 
features (eg, neurofibrillary tangles) have been observed 
throughout these projection systems.” In addition, 
glutamate showed greater reductions than did other amino 
acid neurotransmitters, such as y-aminobutyric acid 
(GABA) and aspartate, and the deficit in glutamate corre- 
lated best with the regional distribution of neuropatho- 
logic markers.™ In AD, reductions in the glutamate recep- 
tor number in the hippocampus and cerebral cortex have 
been reported in the absence of significant reductions in 
GABA, muscarinic, or benzodiazepine receptors. Glu- 
tamate appears to be the only neurotransmitter affected in 


Glucose Metabolic Deficits—Smith et al 


AD that is distributed in a pattern consistent with the dis- 
tribution of neuropathologic markers and is also better 
suited to explain the observed regional hypometabolism 
than alterations in the cholinergic system. The relationship 
between alterations in glucose metabolism and glutamate 
function has not yet been investigated, and it is problem- 
atic given the complex pharmacology of this system. 
However, the recent attempts to develop a glutaminergic 
ligand for use with single-photon emission computed to- 
mography”® suggests that in vivo comparison between rel- 
ative patterns of glucose metabolic defects and glutamate 
receptor loss may be feasible. Nuclear magnetic resonance 
spectroscopy is another extremely promising technique, 
which permits the measurement of the levels and metab- 
olites of amino acid neurotransmitters and glucose.” This 
technique has shown specific findings in AD that correlate 
with neuropathologic data.” In addition, the effects of in- 
terventions with glutamate antagonists on hypoxic- 
ischemic brain injury have been assessed and could be ap- 
plied potentially to the study of AD.” 


Glucose Metabolism as a Primary Defect 


Finally, it has been hypothesized that the glucose met- 
abolic deficit may precede the biochemical deficits and 
neuronal loss observed in AD.” 

The production of several neurotransmitters found to be 
deficient in AD (including glutamate, aspartate, and 
GABA) is dependent on the integrity of neuronal glucose 
metabolism, including the glycolytic pathway, the citric 
acid cycle, and the GABA shunt pathway.” Acetylcho- 
line production might also suffer as a decline in glycolysis 
would decrease pyruvate formation. Both in vivo and in 
vitro data have demonstrated that acetylcholine synthesis 
can ve inhibited, secondary to reductions in pyruvate.” 
Adenosine triphosphate, generated by glycolysis and the 
citric acid cycle, is important in the maintenance of cellu- 
lar ion homeostasis. A deficiency of adenosine triphos- 
phate, secondary to reduced glucose metabolism, might 
render a neuron incapable of maintaining its normal 
membrane potential, resulting in n-methyl-d-aspartate re- 
ceptor activation and increased vulnerability to excitotoxic 
injury.” 


CONCLUSIONS 


Glucose metabolic deficits appear early in the course of 
AD. The deficits progress with increasing disease severity 
as demonstrated both cross-sectionally ini+m AD subjects 
compared with mod+ms AD subjects, as well as within the 
same patients studied longitudinally. The glucose meta- 
bolic deficits occur in excess of atrophic change as indexed 
by ventricular enlargement. While global metabolic defi- 
cits are observed, the regional nature of these changes is 
such that significant reductions in frontal, temporal, and 
parietal association cortices and in subcortical white- 
matter metabolic activity are seen longitudinally, while 
deficits in occipital cortex, cingulate gyrus, basal ganglia, 
and thalamus are present, but do not show significant 
progression over time. In the preceding comment, the glu- 
cose metabolic deficits reported in the current study have 
been placed in the context of other neuropathologic and 
neurotransmitter deficits in AD and the implications of a 
primary glucose metabolic deficit on neurochemical mark- 
ers has been explored. Given that the majority of patients 
survive until the latter stages of the illness, postmortem 
histopathologic and neurochemical analyses reflect only 
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the result of a degenerative process that may have its or- 
igin in events occurring many years prior to the patient's 
demise. Because the relative evolution of metabolic, neu- 
rochemical and neuropathologic abnormalities may not be 
ascertainable postmortem, the determination of the rela- 
tionships between these factors may be dependent, for the 
moment, on in vivo neuroimaging studies that evaluate 
early-stage AD patients and individuals “at risk” for AD. 
Recently developed PET and single-photon emission com- 
puted tomographic ligands designed to measure neuro- 
transmitter receptors and glycolytic processes”? and 
the nuclear magnetic resonance spectroscopy technique” 
may further elucidate the role of a “primary” glucose met- 
abolic deficit in the pathology of AD and in the resolution 
of hypotheses generated by the cross-sectional and longi- 
tudinal cerebral metabolic findings. 
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Original Contribution 


Agraphia in Dementia of the Alzheimer Type 


Emily LaBarge, EdD; Deborah S. Smith, PhD; Leah Dick, MA; Martha Storandt, PhD 


e This study describes graphic errors made in writing a 
simple sentence in 368 healthy older adults and individuals 
in different stages of dementia of the Alzheimer type. Errors 
of agraphia were present in both healthy and demented 
people and, in general, increased with the severity of 
dementia. The errors of agraphia were not correlated with 
measures of aphasia or psychometric measures of language 
and motor performance. Writing skill may represent proce- 
dural memory, and agraphia errors indicate alterations in 
long-term memory in dementia of the Alzheimer type. 
(Arch Neurol. 1992;49:1151-1156) 


AEri may be defined simply as a loss or impairment 

of the ability to produce written language, caused by 
brain damage.'”!*” Historically agraphia has been linked 
with aphasia.” Indeed, tests of writing ability have been 
used to screen for aphasia.' Reports of the close association 
between agraphia and aphasia have been based on cases 
that, in general, could be attributed to focal lesions’ or to 
disorders of language.* Ogle’ noted that there were occa- 
sional instances wherein aphasia and agraphia were sep- 
arable, although he believed they usually co-occurred. 
Subsequent articles have also described the occurrence of 
agraphia without aphasia. For example, Chedru and 
Geschwind‘ reported impaired writing, but normal spon- 
taneous speech, in 33 of 34 cases of acute confusional states. 

In recent years much attention has been paid to Alz- 
heimer’s disease, a disorder characterized by diffuse neu- 
rologic impairment. Although some investigators’ suggest 
that aphasia is invariably present in dementia of the 
Alzheimer type (DAT), others disagree. For example, an 
earlier article from our research team’ indicated that 44% 
of the individuals in the mild stage of the disease were not 
aphasic. The prevalence of aphasia in DAT is probably de- 
pendent on the severity of the dementia.”"” 

Few studies, however, have examined the prevalence of 
agraphia or the association between aphasia and agraphia 
in DAT. Neils et al'' compared descriptive writing abilities 
in 15 mildly to moderately demented patients with 15 
matched control subjects. Although they used letter errors 
as their dependent measure, the major emphasis of their 
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study was on linguistic competence and errors related to 
syntax. At least two articles have investigated agraphia 
and familial Alzheimer’s disease finding either inconclu- 
sive or no relationships.’*"* As pointed out by Goldstein,” 
there are two types of agraphia: (1) impairment of the mo- 
tor act of writing and (2) impairment of the linguistic con- 
tent. The major focus of our study is on the motor compo- 
nent of writing. Several common clinical linguistic errors 
have also been included. We describe the graphic errors 
made in writing a simple sentence at different stages of 
DAT. Further, we describe correlations of these errors with 
measures of aphasia and other measures of psychomotor 
performance. A companion article by Kemper and col- 
leagues,” based on the same data set, examines syntax. 


PATIENTS AND METHODS 
Sample 


The sample was drawn from the Washington University 
Alzheimer’s Disease Research Center Patient Registry, St Louis, 
Mo. Only individuals with DAT or healthy control subjects were 
included. Individuals with severe hypertension, stroke, other 
neurologic diseases such as Parkinson’s disease, psychiatric 
illness, severe medical problems, or medications that may pro- 
duce dementia were excluded. Diagnostic and exclusionary cri- 
teria have been described elsewhere." 

Of the 422 identified registrants, 13 (nine with moderate 
dementia) could not produce any written output. An additional 
five individuals were not administered the task for reasons such 
as agitation or time constraints. Only two of the 25 severely de- 
mented individuals could perform the task; no further analyses 
were conducted with the severely demented because of the small 
number. The final sample size was 404; 179 nondemented (Clin- 
ical Dementia Rating [CDR]=0), 81 individuals with questionable 
or very mild dementia (CDR=0.5), 101 with mild dementia 
(CDR=1), and 43 with moderate dementia (CDR=2). 

Informed consent was obtained from participants and collateral 
sources after the nature of the study was explained. The diagno- 
sis of DAT was based on a 90-minute clinical interview (with both 
the participant and a collateral source) and a neurologic exami- 
nation including evaluation of near vision. Staging of dementia 
was made using the Washington University CDR)'”"* The CDR is 
based on clinical evaluations of cognitive abilities in six areas: 
memory, orientation, judgment and problem solving, community 
affairs, home and hobby activities, and personal care. Both the 
reliability of the CDR and the validity of the diagnosis of DAT 
(based on autopsy confirmation) have been reported 
elsewhere.'*?! Subsequent clinical follow-up and autopsy find- 
ings have demonstrated that individuals in the questionable stage 
of DAT were, by and large, in the very mild stage of DAT.” ” Of 
the 92 individuals diagnosed with DAT who have come to 
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Table 1.—Percentage of Persons in Each Stage of Dementia Making One or More Errors 


Error Type (Kappa) Nondemented 


Capitalization (.92) 
Punctuation (.94) 
Spelling (.82) 

ts/is (.75) 
Paraphasias (.90) 
Added marks (.80) 
Illegible words (.85) 


Line consistency (.88) 





*Post hoc comparisons, significantly different from nondemented P<.05. 


tP<.001. 


Very Mild 


Moderate 


1/337 
20.06t 
22.49t 
12.42§ 
12.43§ 
P=.65 (Fisher’s Exact) 
P=.01 (Fisher’s Exact) 
P=.008 (Fisher’s Exact) 


+Post hoc comparisons, significantly different from mildly demented P<.05. 


§P<.01. 


autopsy, 89 have been confirmed. The remaining three individu- 
als had either Parkinson’s disease or mesolimbic dementia. 


Measures 


A comprehensive psychometric test battery was administered 
to all but 80 of the participants. The tests include both standard 
and experimental verbal and nonverbal procedures that assess 
various types of memory, psychomotor performance, language 
skills, visuospatial abilities, and intelligence. Those who admin- 
istered the psychometric battery were unaware of diagnosis or 
stage of dementia; similarly, the physicians who conducted the 
clinical interviews were unaware of the results of the psychomet- 
ric battery. The other 80 individuals were administered the neu- 
ropsychological battery from a parallel study conducted by the 
Consortium to Establish a Registry for Alzheimer’s Disease. The 
clinical interview used to diagnose and stage dementia in the 
Consortium to Establish a Registry for Alzheimer’s Disease study 
is similar to, although shorter than, the procedure used for the 
remainder of the sample.” 

The writing task examined in this study consisted of the spo- 
ken request, “Write a sentence for me.” The individual was given 
a blank 8.5 11-inch (22 28-cm) sheet of paper and a pencil. This 
procedure was added to the comprehensive psychometric battery 
in 1984; it was also part of the Consortium to Establish a Registry 
for Alzheimer’s Disease assessment.”°”” 

Five other measures from the psychometric battery were 
selected for the purpose of correlation with the writing task. 
Comparisons of the performances of healthy individuals and 
those in various stages of dementia on the first four of these ad- 
ditional measures have been reported previously for various 
subsets of the present sample.?™*?82 

Two of the psychometric tests were measures relating to 
language ability: the 60-item version of the Boston Naming Test” 
and word fluency for S and P.*' The administration of the Boston 
Naming Test began with the first item rather than beginning with 
item 30 because people with DAT were expected to have failures 
early in the test; no phonemic cues were given. One minute was 
allowed for the naming of words beginning with the letter S and 
1 minute for words beginning with the letter P; the score was the 
total number of words produced for both S and P. 

Three measures of psychomotor performance were selected. 
These were the copying form of the Visual Retention Test,” the 
Crossing-off Task,** and an experimental version of the Digit 
Symbol subtest from the Wechsler Adult Intelligence Scale.” The 
Crossing-off Task requires the person to draw a vertical line 
through 96 horizontal dashes 4 cm in length organized in 12 rows 
of eight dashes per row on a 8.5X 11-inch (22 28-cm) sheet of pa- 
per. The total score is the number of dashes crossed off divided 
by the time (in seconds) multiplied by 1000. The experimental 
version of the Wechsler Adult Intelligence Scale Digit Symbol 
subtest (called Digit Copy here) required the person to simply 
copy the digits on the form, rather than to code them into sym- 
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bols. The score was the number of digits copied correctly in 90 
seconds. It was administered immediately following administra- 
tion of the Digit Symbol subtest. 

Three measures from the clinical interview were also correlated 
with writing task performance. These indicated the clinician’s 
judgment about the presence or absence of aphasia: absent (0), 
questionable (1), and present (2). The evaluation was assigned after 
global severity of dementia was assessed with the semistructured 
instrument that establishes the CDR. The judgment does not de- 
pend solely on the person’s verbal functioning but includes 
responsiveness of the individual to language observed in the en- 
tire interview. Another measure from the clinical interview was 
the quantitative score from the Aphasia Battery. This Aphasia 
Battery is partially based on a modification of the Boston 
Diagnostic Aphasia Examination” and has been described in de- 
tail elsewhere.” The Written Expression subscale of the Aphasia 
Battery was also used in the correlational analyses. This subtest 
requires the individual to provide a written response to identify 
a line drawing. It is scored for accuracy of the name and spelling, 
not for written form. Therefore, it represents confrontation nam- 
ing in written form. 


Procedure 


Although writing tasks are included in several well-known ex- 
aminations of language disturbance,” there is no generally ac- 
cepted classification system for errors of agraphia. Therefore, a 
two-step coding procedure was devised. First, a decision was 
made as to whether the response was a sentence (contained sub- 
ject, verb, and object or an understood subject, as in a command). 
Complete sentences were further classified according to func- 
tional type (declarative, imperative, interrogative, or exclama- 
tory). If the response was not a sentence, it was classified as a 
partial sentence, a phrase or fragment of a sentence, random 
words, or undecipherable marks. These judgments were made by 
two raters working independently. 

In the second phase only complete sentences were examined, 
again by two judges working independently (kappas are shown 
in Table 1). The number of graphic errors in each of the following 
categories were tallied: capitalization, punctuation, spelling, un- 
crossed ts and undotted is, paraphasias, illegible words, and 
number of added marks. Paraphasias included letters or words 
crossed out or started over and improperly formed letters 
(including an insufficient number of duplication of strokes of the 
letters m,n, w, and u). Both the Zaner and the Palmer models of 
handwriting instruction were used as references for letter forma- 
tion accuracy**”’; these systems have been in use since the early 
1900s. Tremor was not scored as an error unless the letters were 
illegible. Similarly, lack of linkage between the letters in a word 
was not scored as an error; this happened often, especially when 
cursive and printing occurred in the same word. Perseverations 
of individual letters were noted separately. A line consistency er- 
ror was counted when the sentence was written in fragments 
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Table 2.—Demographic Characteristics of the Four Dementia Severity Groups* 


Nondemented 
(n=174) 


72.0 (9.6) 
13.8 (3.4) 
2:7 (1.1) 


*Entries are means with SDs within parentheses. 
tFrom Hollingshead.” 


Variable 
Age, y 
Education, y 


Socioeconomic statust 





without line adherence. Other errors rated were incorrect content 
words (differentiated from spelling inaccuracies), content word 
omission, word perseveration, article omission, omission of is or 
are, and conjunction omission. Writing style was classified as 
printed; cursive; both printed and cursive; or mixed printed, cur- 
sive, and illegible. 


Statistical Analysis 

As a measure of interrater agreement, kappa coefficients were 
computed for each type of graphic error. Because kappa is a 
function of the base rate of the graphic error,” coefficients were 
not computed for extremely rare graphic errors (ie, less than 3% 
base rate). x? statistics were used to compare categorical variables. 
In instances where small cell sizes precluded the use of x’ statis- 
tics, a generalized Fisher’s Exact Test was computed." This sta- 
tistic provides exact probabilities for tables larger than 2X2. Ad- 
ditionally, post hoc comparisons for multiple sample proportions 
were calculated for significant categorical variables.** One-way 
analysis of variance was used to compare quantitative variables 
across dementia levels, with post hoc comparisons computed via 
Tukey’s honestly significant difference. For nonnormally distrib- 
uted quantitative variables, dementia levels were compared us- 
ing the Kruskal-Wallis test with post hoc comparisons computed 
using van der Waerden scores. Quantitative variables were also 
compared using Pearson correlation coefficients and Kendall tau 
B coefficients. 


RESULTS 
Complete Sentences 


Of the individuals included in the present sample, 368 
(91%) of 404 were able to formulate a complete sentence. 
That is, the sentences contained a subject, verb, object, or an 
understood subject, as ina command. Of the remaining 36 
observations, four were scored as partial sentences, 19 as 
fragments, 10 as random words, and three were undeci- 
pherable aggregates. The ability to formulate a complete 
sentence was significantly related to dementia rating, 
x” (3)=44.34, P<.0001. Post hoc comparisons for multiple 
sample proportions revealed that the moderately de- 
mented individuals produced complete sentences in much 
lower proportions (65%) than the nondemented (97%), very 
mildly demented (93%), or the mildly demented (90%). 

Demographic information for those who were able to 
formulate a complete sentence is shown in Table 2; 61% 
were women. A one-way analysis of variance yielded sig- 
nificant differences among the four CDR groups for age, 
education, and socioeconomic status (all Ps<.02). Post hoc 
comparisons using Tukey’s honestly significant difference 
indicated that the control group was younger than the 
moderately demented group and that the control group 
had more years of education and higher socioeconomic 
status than the mildly and moderately demented groups 
(all Ps<.05). The three demented groups did not differ 
significantly on these demographic variables with one 
exception—the very mildly demented group had higher 
socioeconomic status® than the moderately demented 
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Very Mild 
(n=75) 


74.4 (10.0) 
12:7 (3.5) 
3.0 (1.0) 


Moderate 
(n=28) 


77.5 (8.1) 
11.1 (3.4) 
3.8 (0.8) 


42.4 (7.9) 
12.6 (3.3) 
3.2 (1.3) 


group (P<.05). The four groups did not differ significantly 
as to number of men and women (x? [3]=6.54, P=.08). 

The relationship between ability to form a complete 
sentence and specific demographic variables was also ex- 
amined. x’ analysis indicated that sex was not significantly 
related to complete sentence formation, x? (1)=1.03, P=.31. 
Age (r=.03), educational level (r=-.19), and socioeconomic 
status (r=.13) were also minimally related to ability to form 
a complete sentence. 

The total number of words in each complete sentence did 
not differ across dementia level, F(3, 367)=1.05, P=.37. For 
the entire sample, the mean number of words per sentence 
averaged 6.39 (SD, 2.72; range, 3 to 21). Similarly, the total 
number of letters per sentence did not differ significantly 
across dementia level, F(3, 367)=2.40, P=.07. For the entire 
sample, the mean number of letters per sentence averaged 
23.28 (SD, 10.95; range, 7 to 86). 

To determine whether there were differences in the fa- 
miliarity of the words used in the sentences, frequency 
ratings were recorded for each word. The frequency rat- 
ings represent the number of times the word appears in a 
representative sample of written material (15 genres of 
writing, ranging from newspaper reportage to technical 
writing and from philosophical essays to various kinds of 
fiction). Higher frequencies represent more commonly 
used words. To avoid undue sensitivity to extremely high 
frequencies, the median word frequency was calculated for 
each sentence and compared across dementia levels. No 
differences were found for median word frequency per 
sentence (Kruskal-Wallis x? [3]=4.22, P=.24). Overall, the 
median word frequency per sentence averaged 1701.69 
(SD, 1869.62; range, 7 to 13910). In comparing word 
frequencies, it should be noted that individuals who con- 
struct increasingly complex sentences may use a greater 
number of very common words such as the, a, or of. These 
types of words obviously have very high frequency values. 

Complete sentences were categorized into four func- 
tional types (kappa=.81). Overall, 324 (88%) of 368 sen- 
tences were rated as declarative, 10 (3%) as imperative, 24 
(6%) as interrogative, and 10 (3%) as exclamatory. There 
was no association between functional type and the four 
CDR stages, generalized Fisher’s Exact P=.34, two tailed. 


incorrect Content Words, Perseveration, and Omissions 


Very few errors were made in these categories, and no 
significant differences were observed across dementia lev- 
els (all generalized Fisher’s Exact Ps>.05, two tailed). 
Overall, 11 of 368 people made one or more errors of in- 
correct content word and two omitted a content word. One 
person committed a word perseveration error and four 
people had at least one letter perseveration. Six individu- 


als omitted an article, one omitted a conan aai none 
Y A p 


omitted is or are. 
Alzheimer meet > 


JE 





Table 3.—Means (and SDs) for Clinician Aphasia Measures and Psychometric Measures of Language and Motor 
Performance for Clinical Dementia Rating Groups* 


Nondemented Very Mild 


1) 3.4 (2.9)? 
9)? 0.2 (0.5)? 
0.2)° 3.8 (0.7) 
5)? 1.2 (2.8)? 
44.5 (11.5)? 
22.1 (8.6)? 
1.1 (1.7) 
Crossing-off 158.5 (34.2)? 139.7 (35.2)? 121.4 (38.2): 98.8 (50.8) 
Digit Symbol Copy 77.4 (25.7) 83.8 (11.4)? 60.5 (27.7)? 54.4 (28.8)? 


*Groups with different superscripts (a through d) differ at P<.0001. Clinician rating, Written Expression, Aphasia Battery, and Benton copy (errors) 
were compared using the van der Waerden nonparametric test; the remaining measures were compared with Tukey’s honestly significant difference. 


Moderate 
5.2 (S 
1.3 (0.8)° 
3.0 (1T) 
3 ( 
( 
( 


Measure 


3.9 (3.6) 
0.8 (0.9)° 
3,3 (1.2) 
2.6 (2.9)° 
34.7 (12.6) 
15.3 (8.6) 
3.6 (5.2)° 


Agraphia composite 
Clinician rating 
Written Expression 
4.4)° 
Pipers 
9.6 (7.7)° 
7.6 (7.7)9 


Aphasia Battery 


Boston Naming 


10.1)? 


Word fluency 


A (2. 

0 (0. 

O ( 

2 (0. 
53.7 (6.6)? 
29.9 { 

6 (1. 


Benton copy (errors) 





Graphic Features 


Due to highly skewed distributions, capitalization er- 
rors, punctuation errors, spelling errors, uncrossed ts and 
undotted is, number of paraphasias of writing, number of 
added marks, and number of illegible words were dichot- 
omized into no errors vs one or more errors. The propor- 
tion of errors for each variable at each dementia level is 
shown in Table 1. The dichotomized variables were com- 
pared across dementia levels via one-way x’ or generalized 
Fisher’s Exact Test. 

Significant differences (all Ps<.01) across dementia lev- 
els were found for capitalization, punctuation, and spell- 
ing errors as well as for uncrossed ts and undotted is, 
paraphasias of writing, illegible words, and line consis- 
tency. Post hoc comparisons for multiple sample propor- 
tions (Table 1) indicated that, in general, the mildly and 
moderately demented groups made more errors than the 
nondemented group. The only exception to this pattern 
was uncrossed ts and undotted is, with the nondemented 
group making significantly more errors than the mildly 
demented group. A count of the number of t and i letters 
revealed that the nondemented individuals had more of 
these letters embedded in their words (M=4.58) than the 
mildly demented individuals (M=3.42), which could ac- 
count for the significant reversal of differences noted in 
Table 1 for this variable. Finally, the very mildly demented 
group made significantly more errors than the control 
group on only one variable—punctuation. 

Neither writing style nor number of added marks was 
significantly related to dementia level, generalized Fisher’s 
Exact Ps>.6. The majority of individuals (88%) produced 
written output in cursive style and very few made addi- 
tional markings (6.5%). 


Composite of Agraphia Errors 


All errors were summed to form a simple composite 
score that represented the total number of errors made by 
each person. The mean for the entire sample was 3.15 er- 
rors (SD, 2.91; range, 0 to 26). The Kendall tau B correla- 
tions of the composite with demographic variables were 
minimal: age (.08), education (—.11), socioeconomic status 
(.09), and sex (—.18). 

When the composite number of errors was compared 
across dementia levels by one-way analysis of variance, a 
significant difference was found, F(3, 367)=11.98, P<.0001. 
Post hoc comparisons using Tukey’s honestly significant 
difference indicated that the nondemented group made 
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significantly fewer total errors than each of the demented 
groups (all Ps<.05). The pattern of means indicated a ma- 
jor increase in number of agraphia errors as dementia in- 
creased in severity. 


Discriminant Analysis 


A stepwise discriminant function analysis revealed that 
a combination of paraphasias of writing, punctuation and 
spelling errors, and increased ts and undotted is produced 
maximum discrimination between the control group and 
the combined mildly and moderately demented groups. 
Although 87% of the control group was correctly classified 
in this analysis, only 38% of the combined mildly and 
moderately demented individuals were classified as de- 
mented. Thus, graphic errors in writing a simple sentence 
do not appear to be useful in distinguishing either mild or 
moderate DAT from normal aging. 


Relationship of Composite Agraphia Errors 
With Other Measures 


To clarify the connection between agraphia errors and 
aphasia, the agraphia composite score was correlated 
(Kendall tau B) with three indexes of aphasia: the clini- 
cian’s rating of aphasia, the Written Expression subscale of 
the Aphasia Battery, and the total Aphasia Battery score. 
The means for the aphasia measures are presented in Ta- 
ble 3. All aphasia measures differed significantly across 
CDR levels (all Kruskal-Wallis Ps<.0001). The correlations 
were modest at best in the total sample: clinician rating 
(.19), Written Expression (—.23), and Aphasia Battery (.23). 
Kendall tau B coefficients were also computed separately 
for each CDR group, the correlations ranged from —.26 to 
18. They do not provide convincing evidence for a 
relationship between agraphia and aphasia. 

Similarly, the relationship between the agraphia com- 
posite score and two psychometric measures of language 
ability in the total sample was minimal: Boston Naming 
Test (—.17), word fluency (—.23). The means for the psy- 
chometric measures are shown in Table 3. Both psycho- 
metric measures differed significantly across CDR levels 
(Ps<.0001). The correlations within dementia severity 
groups ranged from —.29 to .02. 

Finally, the agraphia composite score was correlated 
with three measures of motor performance in the total 
sample: Benton copy errors (.22), Crossing-off (—.08), and 
the Digit Symbol Copy (—.16). The means for the psycho- 
metric variables are shown in Table 3; all measures differed 
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significantly across CDR level (Ps<.0001). Kendall tau B 
coefficients were also calculated separately within each 
CDR level. The coefficients increased slightly in the mod- 
erately demented group, but in general they were small (rs 
ranged from —.26 to .30). 


COMMENT 


Agraphia has been linked with the disturbance of 
language because it serves as an alternative to spoken lan- 
guage. In this study of healthy older adults and those with 
DAT, however, measures of agraphia were unrelated to 
clinician assessment of aphasia or to psychometric mea- 
sures involving language ability. Therefore, it would 
appear that the link between agraphia and aphasia in 
Alzheimer’s disease is not strong. 

The origin and mechanism of change in motor ability in 
DAT is unknown, nor is it clear if agraphia is related to 
other movement deficits such as gait disturbance or the 
inability to feed oneself. The ability to write was preserved 
well into the course of the disease in this sample, although 
increased graphic errors were noted in the mild and mod- 
erate stages of dementia. Such errors were essentially un- 
correlated with psychometric measures of motor speed 
and copying skill. 

If one concludes that errors in writing in DAT do not re- 
flect language or motor disturbance, then other explana- 
tions must be sought. Examination of the type of graphic 
errors that occur at various stages of dementia may suggest 
some clues. For example, the ability to maintain line con- 
sistency was not problematic until the moderate stage of 
dementia. Perhaps this is so because line consistency is 
unrelated to meaning. It may be that difficulties with 
punctuation, capitalization, and spelling appear at earlier 
stages because they require cognitive decision making in 
addition to writing. After words are assembled to form a 
sentence, decisions about punctuation, capitalization, and 
spelling are integrated to add specific meaning to the 
message. 

A current model of memory postulates that long-term 
memory is organized into declarative and procedural 
stores.” Declarative memory focuses on knowledge of 
words or facts about the world—“knowing that.” Proce- 
dural memory (“knowing how”)**?'®” involves the knowl- 
edge required to perform motor skills that improve despite 
poor access to the “specific instances that led to the perfec- 
tion of the skill.”*”""°° A recent study by Bondi and Kasz- 
niak reported that patients with Alzheimer’s disease 
were intact on a skill-learning test but impaired on other 
memory tests, supporting at least two dissociable memory 
processes as suggested by Squire.*° 

The acquisition of the ability to write seems to fit 
Squire’s* description of procedural memory. Motor skills 
related to orthographic expression are practiced and 
drilled at a young age and are retrieved in a relatively au- 
tomatic fashion. If we conclude that writing is an example 
of long-term, procedural, skilled memory, then its alter- 
ation in DAT suggests procedural memory store impair- 
ment. This may explain the increase in paraphasias (im- 
properly formed letters, cross-outs, restarts) and the 
appearance of illegible words as dementia severity 
increased. 

It should be pointed out that the healthy elderly adults 
in the sample also made writing errors. Approximately 
50% made one or more punctuation error; a like number 
demonstrated one or more paraphasias. Researchers dis- 
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agree as to whether writing errors in elderly adults repre- 
sent a pathologic state. The results from this study sug- 
gest that they are not useful in distinguishing DAT from 
normal aging. There is, however, a need for adult life-span 
studies of writing errors to determine the extent to which 
they increase with age. 


This study was supported by the Alzheimer’s Disease Research 
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Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30 mg 60 m 90mg 120mg 
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Brief Summary 
__ ANDICATIONS 
~ “STADOL® NS* (butorphanol! tartrate) Nasal Spray is indicated for the management of pain when the use of an opioid analgesic is ap- 
propriate. 
- CONTRAINDICATIONS 


STADOL NS is contraindicated in patients hypersensitive to butorphanol tartrate or the preservative benzethonium chloride. 


= Patients Dependent on Narcotics 
Because of its opioid antagonist properties, butorphanol is not recommended for use in patients dependent on narcotics. Such 
tients should have an adequate period of withdrawal from opioid drugs prior to beginning butorphanol therapy. In patients taking 
Opioid analgesics chronically, butorphanol has precipitated withdrawal symptoms such as anxiety, agitation, mood changes, hallu- 
bo cinations, ria, weakness and diarrhea. 


_ Because of the difficulty in assessing opioid tolerance in patients who have recently received repeated doses of narcotic analgesic 
7 medication, Caution should be used in the administration of butorphanol to such patients. 


_ PRECAUTIONS 


Head Injury and Increased Intracranial Pressure 
As with other opioids, the use of butorphanol in patients with head injury may be associated with carbon dioxide retention and sec- 
g ondary elevation of cerebrospinal fluid pressure, drug-induced miosis, and alterations in mental state that would obscure the inter- 
pretation of the clinical course of patients with head injuries. In such patients, butorphanol should be used only if the benefits of 
use outweigh the potential risks. 


Disorders of Respiratory Function or Control 
He crop may produce respiratory depression, especially in patients receiving other CNS active agents, or patients suffering 
from CNS diseases or respiratory impairment. 


Hepatic and Renal Disease 

In patients with severe hepatic or renal disease the initial dosage interval for STADOL NS should be increased to 6-8 hours until the 

roms been well characterized. Subsequent doses should be determined by patient response rather than being scheduled at 
int 


: Cardiovascular Effects 

; Because butorphanol may increase the work of the heart, especially the pulmonary circuit, the use of butorphanol in patients with 
acute myocardial infarction, ventricular dysfunction, or coronary insufficiency should be limited to those situations where the bene- 

| fits clearly outweigh the risk. 


Severe hypertension has been reported rarely during butorphanol therapy. In such cases, butorphanol should be discontinued and 


z pA omon treated with antihypertensive drugs. In patients who are not opioid dependent, naloxone has also been reported 
effective 


Drug Interactions 

ji Concurrent use of butorphanol with central nervous system depressants (e ti. Sono, barbiturates, tranquilizers, and antihis- 
tamines) may result in increased central nervous system depressant effects n used concurrently with such drugs, the dose of 
butorphanol should be the smallest effective dose and the frequency of dosing reduced as much as possible when administered 
concomitantly with drugs that potentiate the action of opioids. 
It is not known if the effects of butorphanol are altered by concomitant medications that affect hepatic metabolism of drugs (cimet 
dine, erythromycin, theophylline, etc.), but physicians should be alert to the possibility that a smaller initial dose and longer inter 
vals between doses may be needed. 
The fraction of STADOL NS absorbed is unaffected by the concomitant administration of a nasal vasoconstrictor (oxymetazoline 
but the rate of absorption is decreased. Therefore, a slower onset can be anticipated if STADOL NS is administered concom 
with, or immediately following, a nasal vasoconstrictor. 


No information is available about the use of butorphanol concurrently with MAO inhibitors. 


Use in Ambulatory Patients 

Drowsiness and dizziness related to the use of butorphanol may impair mental and/or pare abilities required for the perfor- 
mance of potentially hazardous tasks (e.g., driving, operating machinery, etc.). Patients should be told to use caution in such activ- 
ities until their individual responses to butorphanol have been well characterized. 


-Alcohol should not be consumed while using butorphanol. Concurrent use of butorphanol with central nervous system depres- 
Á am (e.g., alcohol, barbiturates, tranquilizers, and antihistamines) may result in increased central nervous system depressant ef 


Patients should be instructed on the proper use of STADOL NS. 


rae Mutagenesis, Impairment of Fertility 

The carcinogenic potential of butorphanol has not been adequately evaluated, 
Butorphanol was not genotoxic in S. typhimurium or E. coli assays or in unscheduled DNA synthesis and repair assays conducted 
in cultured human fibroblast cells. 


Rats treated orally with 160 mg/kg/day (944 mg/sq.m.) had a reduced pregnancy rate. However, a similar effect was not observed 
with a 2.5 mg/kg/day (14.75 mg/sq.m.) subcutaneous dose. 


Pregnancy 
Pregnancy Category C 
a There are no adequate and well-controlled studies of butorphanol in pregnant women before 37 weeks of gestation. 
á Reproduction studies in mice, rats and rabbits during organogenesis did not reveal any teratogenic potential to butorphanol. Preg 
t nant rats treated subcutaneously with butorphanol at 1 mg/kg (5.9 mg/sq.m.) had a higher y sera of stillbirths than controls. 


“lemma ee mg/kg/oral (5.1 mg/sq.m.) and 60 mg/kg/oral (10.2 mg/sq.m.) also showed higher incidences of post implanta 
ss in 


Labor and Delivery 
STADOL NS is not recommended during labor or delivery because there is no clinical experience with its use in this setting. 


ng Mothers 
barr has been detected in milk following administration of STADOL Injectable to nursing mothers. The amount an infant 
receive is probably clinically insignificant (estimated 4 microgranviiter of milk in a mother receiving 2 mg IM four times a day). 
Although there is no clinical experience with the use of STADOL NS in nursing mothers, it should be assumed that butorphanol will 
appear in the milk in similar amounts following the nasal route of administration. 


Pediatric Use 
Ms apatar is not recommended for use in patients below 18 years of age because safety and efficacy have not been established in 
population. 
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Geriatric Use 

Initially a 1 mg dose of STADOL® NS™ (butorphanol tartrate) Nasal we — generally be used in geriatric patients and 90-120 
minutes should elapse before deciding whether a second 1 mg dose is 

Due to changes in clearance, the mean half-life of butorphanol is x iish y 25% (to over 6 hours) in patients over the age of 65. 
Elderly patients may be more sensitive to its side effects. Results from a long-term clinical safety trial suggest that elderly patients 
may be less tolerant of dizziness due to STADOL NS than younger patients. 


ADVERSE REACTIONS 

A total of 2446 patients were studied in butorphanol clinical trials. Approximately half received STADOL Injectable with the remainder 
receiving STADOL NS. In nearly all cases the type and incidence of side effects with butorphanol by any route were those commonly 
observed with opioid analgesics. 

The adverse experiences described below are based on data from short- and long-term clinical trials in patients receiving butorphanol 
by any route and from post-marketing experience with STADOL Injectable. There has been no attempt to correct for placebo effect or 
to subtract the frequencies reported by placebo treated patients in controlled trials. 


REACTIONS 

The most frequently reported adverse experiences across all clinical trials with STADOL Injectable and STADOL NS were somnolence 
(43%), dizziness (19%), nausea and/or vomiting (13%). In long-term trials with STADOL NS only, nasal congestion (13%) and im 
somnia (11%) were frequently reported. 

The following adverse experiences were reported at a frequency of 1% or greater, and were considered to be probably related to the 
use of butorphanol: 

BODY AS A WHOLE: asthenia/lethargy”, headache", sensation of heat 

CARDIOVASCULAR: VASODILATION", PALPITATIONS 

DIGESTIVE: ANOREXIA*, CONSTIPATION’, dry mouth*, nausea and/or vomiting (13%), stomach pain 

NERVOUS: anxiety, confusion’, dizziness (19%), euphoria, floating feeling, INSOMNIA (11%), nervousness, paresthesia, somno- 
lence (43%), TREMOR 

RESPIRATORY: BRONCHITIS, COUGH, DYSPNEA*, EPISTAXIS*, NASAL CONGESTION (13%), NASAL IRRITATION”, PHARYNGI- 
TIS*, RHINITIS*, SINUS CONGESTION”, SINUSITIS, UPPER RESPIRATORY INFECTION* 

SKIN AND APPENDAGES: sweating/clammy”, pruritus 

STADIL NS blurred vision, EAR PAIN, TINNITUS *; UNPLEASANT TASTE” (also seen in short-term trials with, 


(Reactions occurring with a frequency of 3-9% are marked with an asterisk.” Reactions reported predominantly from long-term tri 
als with STADOL NS are CAPITALIZED.) 


The following adverse experiences were reported with a frequency of less than 1%, in clinical trials or from post-marketing experi- 
ence and were considered to be probably related to the use of butorphanol. 

CARDIOVASCULAR: hypotension 

NERVOUS: abnormal dreams, agitation, drug dependence, arpei; hallucinations, hostility 

SKIN AND APPENDAGES: rastvhives 

UROGENITAL: impaired urination 

(Reactions reported only from post-marketing experience are italicized.) 

The following infrequent additional adverse experiences were reported in a frequency of less than 1% of the patients studied in po 
term STADOL NS trials and from post-marketing experiences under circumstances where the association between these events 
butorphano! administration is unknown. They are being listed as alerting information for the physician, 

BODY AS A WHOLE: edema 

CARDIOVASCULAR: hypertension 

NERVOUS: convulsion, delusions, depression 

RESPIRATORY: apnea, shallow breathing 

(Reactions reported only from post-marketing experience are tale) 


DRUG ABUSE AND DEPENDENCE 

Although the mixed eapo ens opioid analgesics, as a class, have lower abuse potential than morphine, all such drugs can 
be and have been reported to be 

Chronic use of STADOL aia e- been reported to result in mild withdrawal syndromes, and reports of overuse and self-report 
ed addiction have been received. 


Among 161 patients who used STADOL NS for 2 months or r approximately 3% had behavioral symptoms suggestive of possi 
ble abuse. Approximately 1% of these patients reported signi overuse. oe toms such as anxiety, agitation, and diarrhea * 
were observed. Symptoms —— of opioid withdrawal occurred in 2 patients who stopped the drug abruptly after using 16 mg 
a day or more for longer than 3 

Special care should De exercised in end butorphanol to emotionally unstable patients and to those with a history of drug 
misuse. When long-term therapy is necessary, such patients should be closely supervised. 


OVERDOSAGE 


Clinical Manifestations 

The clinical manifestations of overdose are those of opioid drugs, the most serious of which are hypoventilation, cardiovascular in 

sufficiency and/or coma. 

pe on occur due to accidental or intentional misuse of butorphanol, especially in young children who may gain access to the 
rug in me. 


Treatment 

The management of suspected butorphanol overdosage includes maintenance of adequate ventilation, peripheral perfusion, normal 
body temperature, and protection of the airway. Patients should be under continuous observation with adequate serial measures of 
mental state, hor ne sare and vital signs. Oxygen and ventilatory assistance should be available with continual monitoring by 
pulse joer? Sd indicated. In the presence of coma, placement of an artificial srnigmine bench may be required. An adequate intravenous 
portal should be maintained to facilitate treatment of hypotension associated with 

The use of a specific opioid antagonist such as naloxone should be considered. As the duration of butorphanol action usually ex- 
ceeds the duration of action of naloxone, repeated dosing with naloxone may be required. 


DOSAGE AND ADMINISTRATION 

Factors to be considered in determining the dose are age, body weight, physical status, underlying pathological condition, use of 

other drugs, type of anesthesia to be used, eft orn procedure involved. Use in the elderly, patients with hepatic or renal disease 

or in labor requires extra caution (see PRECAUTIONS). The following doses are for patients who do not have impaired hepatic or 

renal function and who are not on CNS active agents. 

The usual recommended dose for initial nasal administration is 1 mg (1 spray in one nostril). Adherence to this dose reduces the in- 

cidence of drowsiness and dizziness. If adequate pain relief is not achieved within 60-90 minutes, an additional 1 mg dose may be 

given. 

The initial two dose sequence outlined above may be repeated in 3-4 hours as needed. 

Depending on the severity of the pain, an initial dose of 2 mg (1 spray in each nostril) may be used in patients who will be able to re- 

Jar recumbent in the event drowsiness or dizziness occurs. In such patients single additional 2 mg doses should not be given for 
ours. 


and jmenem M x 
LNS is an open y PA system with increased risk of exposure to health care workers. 


‘ bs priming process, a certain amount of butorphanol may be aerosolized, therefore the pump sprayer should be aimed away from 
the patient or other people or animals. 


The unit should be cisposed of by unscrewing the cap, rinsing the bottle, and placing the parts in a waste container. 

HOW SUPPLIED 

STADOL NS is supplied in a child-resistant prescription vial containing a metered-dose spray pump and protective clip with dust 
cover, a bottle of nasal spray solution, and a patient instruction leaflet. On average, one bottle will deliver 14-15 doses if no reprim- 
ing is necessary. 

NDC 0087-5650-41. 10 mg per mL, 2.5-mL bottle, 


Storage Conditions 
Store below 86°F (30°C). Parenteral drug products should be inspected visually for particulate matter and discoloration prior to ad- 


ministration, whenever solution and container permit. 
Mead Himen. 
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Original Contribution 


Serial Changes of Cerebral Glucose Metabolism and 
Caudate Size in Persons at Risk for Huntington’s Disease 


Scott T. Grafton, MD; John C. Mazziotta, MD, PhD; Jorg J. Pahl, MD; Peter St. George-Hyslop, MD; 
Jonathan L. Haines, PhD; James Gusella, PhD; John M. Hoffman, MD; Lewis R. Baxter, MD; Michael E. Phelps, PhD 


e Objective.—To determine the rate of change of glucose 
metabolism and caudate size in persons at risk for Hunting- 
ton’s disease. 

Design.—Eighteen persons at risk for Huntington’s dis- 
ease had two positron emission tomographic glucose met- 
abolic studies and two magnetic resonance imaging scans 
separated by 42 (+9) months. 

Setting.—Ambulatory research subjects at a teaching 
hospital with magnetic resonance imaging and positron 
emission tomographic technology. 

Subjects.—Seven of the individuals were Huntington’ dis- 
ease gene negative by testing at the polymorphic DNA loci 
D4S10, D4S43, and D4S125; the remainder were gene pos- 
itive by genetic testing or onset of chorea after study entry. 

Interventions.—None. 

Outcome Measures.—Onset of chorea and imaging 
results. 


Hutson s disease is a neurodegenerative disorder 

with autosomal dominant inheritance and complete 
penetrance. Prototypic symptomatology includes any 
combination of chorea, dementia, and psychiatric distur- 
bances.! Confirmatory clinical diagnosis is based on ap- 
propriate family history and the onset of symptomatic 
chorea.’ In genetically informative families, testing with 
DNA-linked polymorphic markers of chromosome 4 have 
been used diagnostically in presymptomatic individuals.** 

Demonstration of caudate glucose hypometabolism with 
positron emission tomography (PET), a finding observed in 
patients with symptomatic chorea, has also been evaluated 
in presymptomatic individuals.*” Ina previous study from 
our laboratory, we found a 75% sensitivity for the detection 
of caudate glucose hypometabolism in asymptomatic at- 
risk individuals who had a high probability of having Hun- 
tington’s disease by genetic testing or by subsequent phe- 
notypic expression of the disease (chorea) after PET scan- 
ning was performed.” The results suggested that glucose 
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Results.—The gene-positive group demonstrated a signif- 
icant 3.1% loss of glucose metabolic rate per year in the cau- 
date nucleus (95% confidence interval [Cl], —-4.64, -1.48) 
compared with the gene-negative group. There was a 3.6% 
per year increase in the magnetic resonance imaging bicau- 
date ratio (95% Cl, 1.81, 5.37), a linear measure of caudate 
atrophy. The rate of change in caudate size did not correlate 
with the rate of change in caudate metabolism, suggesting 
that metabolic loss and atrophy may develop independently. 

Conclusions.—The results suggest that a reduction in 
caudate glucose metabolism and atrophy develop rapidly 
in Huntington’s disease. The findings establish a strategy 
for using serial positron emission tomographic imaging to 
monitor experimental pharmacologic interventions in 
presymptomatic individuals who have developed caudate 
hypometabolism. 

(Arch Neurol. 1992;49:1161-1167) 


metabolism declines to an abnormally low level at some un- 
determined time prior to the onset of chorea. 

The neuropathologic alterations that develop in this 
disorder include histologic alterations with a loss of small- 
to-medium-size spiny neurons, beginning in the dorsal 
medial head of the caudate with subsequent progression 
to the ventrolateral striatum.”'® With time, gross atrophy 
develops in the striatum. Recently, magnetic resonance 
imaging (MRI) has been shown to be sensitive in discrim- 
inating this atrophy in symptomatic individuals from ge- 
netically normal subjects.'’ Caudate atrophy was present, 
as measured by volume of the caudate or the bicaudate ra- 
tio (a linear ratio of the distance between the heads of the 
caudate divided by the distance between the outer tables 
of the skull along the same line of measurement). Of inter- 
est, the most discriminate MRI measurement was a de- 
crease in putamen volume. Contrasting these structural 
changes, previous PET studies have shown that caudate 
metabolism can be significantly decreased, even in the ab- 
sence of gross atrophy.° The pathophysiologic basis for the 
dissociation between caudate size and metabolic function 
remains unknown. Several hypotheses are currently being 
tested to evaluate the biochemical abnormalities that pre- 
cede neuronal loss and to establish if neuronal death is 
mediated by endogenous excitotoxins.'*" 

Because neuropathologic material from asymptomatic 
or early symptomatic Huntington’s disease patients is so 
rare, it is not known how rapidly the neurodegenerative 
process typically occurs. The natural history of the clinical 
disease, combined with neuropathologic material, sug- 
gests that the rate of neurodegeneration is highly variable, 
but may, in part, be related to the age of onset of 
symptoms."'”'* Knowledge of the rate of neurodegener- 
ation would provide valuable insight into phenotypic al- 
terations and pathophysiologic mechanisms that underlie 
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the disorder. The effect of genetic influences, such as 
maternal-vs-paternal inheritance, on the rate of degenera- 
tion could be assessed.'®"” The variability of the rate could 
be examined within and across pedigrees. It may also be 
possible to correlate the rate of degeneration with the spe- 
cific genetic abnormalities, once the actual gene for Hun- 
tington’s disease is identified. Most importantly, knowl- 
edge of the rate of degeneration in an individual could 
provide an independent and objective measure of deter- 
mining the efficacy of experimental drug therapy in at-risk 
persons prior to the onset of disabling symptoms. 

In this article, we hypothesized that the rate of neurode- 
generation could be estimated indirectly by detecting lon- 
gitudinal changes of regional glucose metabolism and di- 
rectly by measuring longitudinal changes of caudate size 
in persons at risk for Huntington’s disease. The relation- 
ship of these rates of change with other phenotypic 
features of the disease were then compared. 


SUBJECTS AND METHODS 
Subjects 


All persons in this study had a parent with Huntington’s dis- 
ease. All of the at-risk individuals were drug free and none had 
evidence of chorea or subtle adventitial movements on entry into 
the protocol, and none had been exposed to neuroleptics. All 
participants were evaluated after informed consent was obtained 
in accordance with the policies of the UCLA (Los Angeles, Calif) 
Human Subject Protection Committee. No other major systemic 
illnesses or oculomotor disorders were present. Results were an- 
alyzed in a blinded fashion so that neither the subjects nor the in- 
vestigators could match participating subjects with their resultant 
data. Results were not disclosed to the participants. 


PET Measurements 


The PET imaging protocol has been described in detail previ- 
ously.’ Subjects were scanned supine in a darkened room with 
eyes and ears unoccluded and with low-level ambient noise. The 
NeuroECAT device (CTI, Knoxville, Tenn) (in-plane resolution 
for fludeoxyglucose F 18, 9.5-mm full width at half maximum 
[FWHM]; axial resolution, 12.4-mm FWHM; interplane distance 
after interleaving, 8 mm) was used for the first PET scan in all 
subjects.” Images were corrected for attenuation by the geomet- 
ric method.” The Siemens /CTI 831-08 tomograph (Siemens Corp, 
Hoffman Estates, Ill) (in-plane resolution, 6.5-mm FWHM; axial 
resolution, 7.0-mm FWHM; interplane distance, 6.75 mm) was 
used for the second PET scan in all subjects. Images were 
corrected for attenuation with transmission scans obtained using 
a germanium 68 ring source. The higher resolution images from 
the Siemens/CTI 831-08 device were smoothed to the level of 
those obtained with the NeuroECAT device to allow for valid 
quantitative comparisons. Smoothing was first performed on 
these images to generate an in-plane resolution of 9-mm FWHM. 
Then, z axis smoothing was performed between planes to gener- 
ate a final axial resolution of 12.0-mm FWHM, with an interplane 
distance of 6.8 mm, as shown in Fig 1. 

For each subject, the caudate, putamen, globus pallidus, thal- 
amus, cerebellar hemisphere, and precentral motor gyri were 
identified bilaterally on all sets of tomographic images, and re- 
gions of interest were assigned from templates in a standardized 
fashion.”'” Regions were assigned without knowledge of the prior 
PET results or the subjects’ diagnosis. The improvement in z axis 
sampling of the Siemens/CTI 831-08 compared with the Neuro- 
ECAT device facilitated the assignment of regions of interest, since 
each structure could be clearly identified on a greater number of 
planes. This was particularly important for structures such as the 
caudate. For regions covering multiple planes, average rates were 
calculated, weighted by their planar cross-sectional areas. The 
mean left and right regional metabolic values were each normal- 
ized to the corresponding whole hemispheric regions of interest 
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Fig 1.—Comparison of serial images of glucose metabolism acquired 
with positron emission tomographic scanners of different resolution. 
Data acquired with the Siemens/CTI 831-08 high-resolution scanner 
have been smoothed. Results are shown for a genetic test-positive (top 
row) and genetic test-negative individual (bottom row). Relative caudate 
hypometabolism is present in the genetic test-positive individual and 
shows progression with time. 


and then averaged together. The caudate/hemispheric metabolic 
ratios from the gene-negative group, as determined with the Neu- 
roECAT device (1.24 +0.08), were compared with ratios obtained 
with the Siemens /CTI 831-08 tomograph (1.21+0.09). Values were 
2.5% lower in the Siemens/CTI 831-08 studies (Siemens/CTI 
831-08 tomographic NeuroECAT = 0.97+0.08). This small de- 
crease in relative caudate metabolism was likely secondary to dif- 
ferences in the z axis sampling, differences in the volume of the 
hemisphere used to normalize each region, and, possibly, system- 
atic differences in the relative size of regions of interest applied to 
images from the two scanners. The Siemens /CTI 831-08 values for 
both the gene-positive and gene-negative subjects were increased 
by the inverse of 0.97 to generate a common base for the compar- 
ison of data between the serial scans. Similarly derived correction 
factors were obtained for each of the other regions of interest. A 
previous study in normal subjects scanned on two tomographs of 
different resolution has shown that this normalization technique 
is valid, provided that it is done ona region-by-region basis.” The 
correction in our study assumed that there was no longitudinal 
change of regional glucose metabolism in gene-negative persons 
over a 3- to 5-year interval.” 

To determine longitudinal changes of metabolism, the percent 
change per year of the regional/hemispheric metabolic ratio of 
glucose (MRG) for each region was calculated with the following 
equation: 


MRG secan 1-MRGscan2 
Change leat X100 
MRGeanl XScan Interval 


where the scan interval is in years. 


Magnetic Resonance Imaging 


Each subject was scanned by MRI within 24 hours of their PET 
study. Thirteen contiguous axial planes were imaged with a For- 
nar 0.3-tesla scanner (Fornar Systems, Mellville, NY) with the z 
axis sampling distance set to 9 mm. Two spin-echo sequences 
were acquired: TE=60, TR=1500, and TE=30, TR=1500. 

Images were analyzed without knowledge of the patients’ clin- 
ical diagnosis. The axial plane passing through the midaxial sec- 
tion of the head of the caudate of the TE=30, TR=1500 study was 
selected. The shortest distance between the medial heads of the 
caudate nuclei (CC) was measured, as previously described.” >? 
The distance between the outer tables of the skull (OTcc), as mea- 
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sured on the same line as for the caudate distance, was also mea- 
sured, and the bicaudate ratio (CC/OTcc) was calculated. 

Volumetric MRI analysis as well as coregistration of PET and 
MRI were not performed because of the inadequate z axis sam- 
pling of the Fonar MRI scanner. 


Genetic-Risk Calculations 


The genotypes at the polymorphic DNA marker loci D4510, 
D4S43, and D4S125 were available in members of two pedi- 
grees with Huntington’s disease using the probes G8, R7, 
pXP500, and pYNZ32, respectively.’ The genotype at the Hun- 
tington’s disease locus in asymptomatic family members was 
then inferred from an age-dependent risk curve, the genotype 
at these three DNA marker loci, and the previously deter- 
mined frequency of genetic recombination separating these 
markers from the Huntington’s disease locus using the com- 
puter program LINKMAP (version 4.7) (custom software, Neu- 
rogentics Laboratory, Boston, Mass).*** 

In total, genotypic results were available for 13 persons from 


`- one pedigree and two from a second. Probabilistic estimates of 


detecting the Huntington’s disease gene were estimated as better 
than 98% certainty; seven persons were genetic test negative and 
eight were genetic test positive. 

Three additional persons who had noninformative genetic 
testing developed symptomatic chorea 1.5 to 2 years after the first 
PET scan. These three were included in the gene-positive group. 


Neurologic Examination 


Each individual was examined independently by two neurol- 
ogists with a standardized quantitative neurologic examination.” 
In addition, subjects were monitored for chorea at rest through- 
out the 90-minute PET scanning session. Consensus by two neu- 
rologists for the presence of chorea, whether at rest, during stress, 
or induced by voluntary movements, was used to confirm the di- 
agnosis of definite clinical Huntington’s disease. The age of onset 
of chorea in the affected parent of each of the 18 subjects was de- 
termined by interview with the subject and their siblings. 


Statistical Analysis 


Comparison of parametric data were by paired or unpaired t 
test and linear regression analysis. Nonparametric data were 
compared with the Mann-Whitney U test. Values in parentheses 
are SDs unless otherwise specified. 


RESULTS 


Eighteen persons at risk for Huntington’s disease from 
five different pedigrees were evaluated. Their mean age 
was 34 years (+9 years; range, 20 to 62 years), the male-to- 
female proportion was 11:7, and the maternal-to-paternal 
proportion of inheritance was 11:7. The mean age at onset 
of chorea in the affected parent was 49 (+8) years. Infor- 


MRI 
Bicaudate 


Ratio Caudatet 





Putamen 


mative genetic testing was available in 15 persons, and the 
results were used to dichotomize the cohort into a group 
of eight gene-positive and seven gene-negative individu- 
als. Two of the gene-positive individuals, and none of the 
gene-negative subjects, developed chorea after their first 
PET scan. Three additional subjects without informative 
genetic testing who developed definite chorea after the 
first PET scan were added to the gene-positive group. 
There were no significant differences in age or male-to- 
female proportion between the two groups. Each subject 
underwent two fludeoxyglucose F 18 scans and two MRI 
scans for the determination of cerebral glucose metabolism 
and caudate size. The mean interval between the scans was 
42 months (+9 months; range, 30 to 60 months). There were 
no significant differences in scan interval between the 
gene-positive and gene-negative groups. 

The regional-hemispheric metabolic ratios from the 
gene-positive individuals are shown in Fig 2. There was a 
significant decrease in glucose metabolism between the 
first and second scan in the caudate nucleus (P<.005) and 
an increase in the thalamus (P<.05). 

The percent change per year of the metabolic ratio in 
each brain region and the percent change in caudate size 
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Fig 2.—Regional-hemispheric metabolic ratios of glucose for gene test- 
positive individuals. Results for the first (solid bars) and second (shaded 
bars) positron emission tomographic scan have been compared by 
paired t test. There is significant decrease of metabolism in the caudate 
and a significant increase in the thalamus. Asterisk indicates P<.05; 
section mark, P<.005. 
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Globus 


Pallidus Thalamus Cerebellum Motor Cortex 


Gene Positive (n=8) 


3,09 
2.65 
(1.81-5.37) 


= 3.06 
2:33 


95% confidence interval (—4.64-— 1.48) 


æ 
3.58 
(—4.32-0.50) 


0.39 1.21 
oP F 0.55 
(—2.66-1.874) (0.16-2.25) 


=—T ie 
3.56 
(—3.61-1.17) 


—0.76 
1.44 
(—1.72-0.21) 


Gene Negative (n=7) 


0.09 
1.95 
(—1.72-1.90) 


1.51 0.031 
2.08 2.00 


95% confidence interval (—0.41-3.43)  (—1.88-1.82) 





0.13 
2.59 
(—2.27-2.53) 


0.04 
1.84 
(—1.74-1.67) 


0:31 0.01 
3.08 | 
(—3.16-2.54) (—1.20-1.23) 


*MRI indicates magnetic resonance imaging; PET, positron emission tomography. 
tRate of loss in gene-positive group is significantly different from gene-negative group (P<.05 t test). 
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Fig 3.—Caudate-hemispheric ratios of glucose metabolism (left) and the magnetic resonance bicaudate ratio (right) for all gene test—positive indi- 
viduals are plotted as a function of the scan interval. The mean and SD for the genetic test-negative group are included as open circles with error 
bars. All of the gene test—positive individuals show a progressive loss of caudate glucose metabolism. All but one of the gene-positive individuals 
have a decrease in caudate size. Persons who developed chorea in the interval between the scans are labeled (arrow). 


are listed in the Table. The change in metabolism was 
greatest in the striatum, with an average yearly loss in 
glucose metabolism of 3.1% in the caudate and 1.9% in the 
putamen. Because of the normalization of the serial data, 
the mean change in the gene-negative group was close to 
zero for each region (see the “Subjects and Methods” sec- 
tion). For the later group, the SD of the percent change per 
year provided an estimate of the variability of this measure 
of change in a presumably normal population. There was 
a significant difference between the gene-negative and 
gene-positive groups in the percent change per year of 
caudate glucose metabolism (P<.01) and near significance 
for putamen glucose metabolism (P<.06). For the other ar- 
eas, the percent loss of metabolism was not significantly 
different than what could be expected by chance. 

The actual changes of caudate metabolism and size are 
plotted as a function of scan interval for each gene-positive 
individual in Fig 3. All gene-positive individuals show pro- 
gressive loss of metabolism and all except one show de- 
creasing caudate size with time. There is considerable 
between-subject variability in the rate of change of caudate 
metabolism (coefficient of variation [CV] =77%) and cau- 
date size (CV=74%). It may be seen in Fig 3, left, that persons 
who have developed chorea during the interscan interval 
have a greater rate of decline of caudate metabolism than 
those who remain asymptomatic (P<.05). In contrast, there 
was no difference in the rate of change of caudate size be- 
tween the subjects who developed chorea and those who 
remained asymptomatic. 

An additional source of variance in the rate of change of 
caudate size and metabolism was a difference of pheno- 
typic expression across pedigrees. However, limiting the 
analysis to only the single large pedigree (n=7) did not re- 
duce the variability in the rate of change of caudate 
metabolism or size. Other factors that might covary with 
the rates of change were also evaluated. There was a sig- 
nificant correlation between the change in caudate- 
hemisphere metabolism and the age at onset of chorea in 
the affected parent (r°=.4; P<.03). That is, if an affected 
parent had a later age at onset of chorea, then an at-risk 
subject had a lower rate of loss of caudate metabolism. The 
same could not be shown for caudate size, where the cor- 
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Fig 4.—Scatterplot of the percent rate of change per year in caudate- 
hemispheric metabolic rate and bicaudate ratio in 11 gene-positive in- 
dividuals. There is no correlation between the two variables. 


relation with the bicaudate ratio was not significant (r7=.1). 
There were no relationships between the change in caudate 
metabolism or size and the at-risk individual's age, sex, or 
the sex of the affected parent. 

Overall, there was a 3.6% yearly change in the bicaudate 
ratio, and a 3.1% yearly decline in the caudate metabolic 
ratio, suggesting that caudate size and metabolism might 
decline in concert. Linear and nonlinear regression analy- 
sis failed to detect any relationship between these two 
variables or their respective rates of change (Fig 4). This 
would suggest that the two measures were independent. 
However, inferences about independence of these vari- 
ables cannot be made with absolute certainty given the 
small sample size. 


COMMENT 
The principal finding in this study was the progressive 
loss of glucose metabolism and size in the caudate nucleus 
in at-risk individuals with a high probability of having the 
Huntington’s disease gene. All of these individuals were 


Huntington’s Disease—Grafton et al 


scanned when asymptomatic or in a time interval during 
which they developed symptomatic chorea. The average loss 
of caudate glucose metabolism was 3.1% per year, and the 
average change in the bicaudate ratio was 3.5%. Before dis- 
cussing the implications of these phenotypic alterations, im- 
portant sources of experimental error merit discussion. 

The greatest potential source of experimental error in 
this study design was the use of two PET scanners with 
different in-plane and axial resolution between the first 
and second scans. We corrected for this difference by 
smoothing the second image set, so that the final three- 
dimension image resolution of the two scanners varied by 
less than 5%. 

Differences in the assignment of region of interest pro- 
files between longitudinal studies could also lead to inad- 
vertent changes of metabolism. This was controlled by us- 
ing an identical region of interest template set. The regions 
were defined on images of similar thickness and the same 
orientation relative to the canthomeatal line. We applied 
corrections for all of these potential problems by deriving 
regional correction factors in the gene-negative group that 
would adjust the average regional values of the second scan 
to equal that of the first scan. This assumption could lead 
to an additional source of error if the gene-negative group 
included persons with false-negative genetic test results. 
Given the current accuracy of the genetic testing method, 
this is unlikely. 

Use of the correction factor also assumed that glucose 
metabolism does not change significantly over time in nor- 
mal subjects. The later assumption has been tested exten- 
sively. Previously reported test-retest studies of regional 
glucose metabolism in normal populations show a CV as 
low as 1% after normalizing for global differences.**** In 
addition, no significant regional differences of glucose me- 
tabolism have been detected as a function of age.”°*! 

Despite these experimental assumptions, it is notable that 
the correction factors we determined were minor (<0.75% 
per year for caudate and putamen), suggesting that the 
above potential sources of experimental error did not con- 
tribute significantly to the measured changes of glucose me- 
tabolism. The use of the correction factors was conservative 
with respect to the final results, since the correction factors 
used increased the metabolic values in the second study. This 
would diminish the rate of change of metabolic loss in each 
measured region (except the thalamus). 

Recently, two reports% have demonstrated wide- 
spread cortical hypometabolism of modest severity in pa- 
tients with early Huntington’s disease. Hypometabolism 
was maximal in the frontal and inferior parietal cortex. In 
our study, we used caudate-hemisphere metabolic ratios 
rather than absolute caudate metabolic rates to reduce the 
variance both within and across subjects. Thus, a longitu- 
dinal decrease in cortical metabolism might change the ac- 
curacy of our calculated ratios, with an underestimation of 
the decrease in caudate metabolism. However, this poten- 
tial source of error would be conservative with respect to 
our final results. 

In addition to observing a relative loss of striatal metab- 
olism, the serial measures disclosed a relative increase of 
thalamic metabolic activity. Such an increase could have a 
physiologic basis. Striatal efferent nerves form a motor loop 
via inhibitory connections to the globus pallidus and thence 
projections to the thalamus. Striatal degeneration would 
cause increased glucose consumption of the thalamus be- 
cause of disinhibited pallidal neurons. An alternative ex- 


Arch Neurol—Vol 49, November 1992 





NI Value 


aà 
No 
vI 


Significant 
Hypometabolism 


— 
Sai 
VI 


Y 
— 
J 

gS 
Q 

= 
z 
J 

+ 
g 
© 

5 =. 
3 
co 

U 


Fig 5.—A conceptual model for serial changes of caudate-hemispheric 
glucose metabolism, plotted as a function of age in Huntington’s disease. 
The model assumes that genetic carriers start with normal glucose me- 
tabolism, followed by a linear decrease of regional metabolism. The — 
slope is the average rate of caudate metabolic loss (shaded area = 95% 
contidence interval [Cl] of slope), centered on the mean age at which 
caudate hypometabolism would be expected to begin to deviate from 
normal in our population. The calculated mean age at this inflection 
point was 35.2 years (95% Cl, 24.7 to 45.7 years). The predicted time 
from the inflection point to statistically significant caudate hypometab- 
olism was calculated to be only 2.3 years (95% Cl, 1.2 to 3.3 years). The 
calculated age of onset of chorea for the given slope was 42.5 years. NI 
indicates normal. 


planation is that the relative increase of thalamic glucose 
consumption is secondary to a global decrease of cortical 
metabolism, hence the ratio of thalamus to global metab- 
olism would be increased. Previous studies of Hunting- 
ton’s disease patients with more advanced disease have 
shown a decrease of absolute thalamic metabolism.*”* 

The large variability in the rate of loss of caudate glucose 
metabolism and change in caudate size in our study is 
similar to the variability noted with other phenotypic 
markers of Huntington’s disease. These have included the 
variability in the age of onset, the rate of decline of func- 
tional capacity after disease onset, and differences in the 
clinical presentation of the disease, such as rigidity vs cho- 
rea.’ Even within a single pedigree, we found the rate of 
caudate glucose loss to vary by greater than 60%. Large 
variability for the clinical presentation of Huntington’s 
disease within single pedigrees has similarly been ob- 
served.” We could not detect a relationship between the 
rate of caudate glucose loss and the age at onset, mode of 
parental inheritance, age, or sex of at-risk individuals. In 
contrast, there was a significant correlation between the 
percent change of caudate-hemisphere metabolic ratio and 
the age of the affected parent at the onset of chorea. This 
would suggest that the rate of decline of caudate metabo- 
lism may be linked to the age at onset. This finding may 
partially explain the reported differences in the sensitivity 
of PET for detecting asymptomatic gene-positive per- 
sons. A cohort of presymptomatic individuals from 
families with a young age at onset would have a rapid rate 
of loss of caudate metabolism and, presumably, a brief in- 
terval of hypometabolism prior to the onset of chorea. Co- 
horts with late age of onset would have a slower rate of 
caudate loss and presumably a longer time interval 
of detectable hypometabolism prior to onset of chorea. The 
PET measure of hypometabolism would, therefore, 
have a wider time window of occurrence in the later 
population.“ 
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The yearly changes in caudate glucose metabolism of 
3.1% and bicaudate ratio of 3.5% are relatively large. Since 
glucose metabolism was measured at only two time points, 
only a linear model of the rate of glucose loss may be con- 
figured, as exemplified in a conceptual model shown in Fig 
5. If the rate of loss of glucose metabolism is linear, then 
it would take only 2.3 years for an individual to develop 
hypometabolism that is 2 SDs below a normal population.° 
The model can be used to explore the time intervals in 
which phenotypic alterations might occur. For example, 
using the average rate of change in our population, and the 
estimated caudate metabolic rate at which chorea develops 
in our symptomatic subjects, then the time interval from 
significant hypometabolism to onset of chorea can be es- 
timated to be approximately 5 years. This is a relatively 
long interval during which caudate hypometabolism in 
presymptomatic subjects could be detected by PET. Addi- 
tional time points will be required to characterize the rate 
of change of caudate metabolism more accurately. For ex- 
ample, a curvilinear model may be more accurate at char- 
acterizing the metabolic changes occurring in the caudate. 

These observations have important implications on the 
optimal use of PET measures of glucose metabolism and 
MRI measures of caudate size as techniques for monitor- 
ing new drug therapy for Huntington’s disease. Clearly, 
the goal of therapy is to abort disease progression. Previ- 
ous therapeutic trials in Huntington’s disease have relied 
on clinical scores such as assessment of functional capac- 
ity in already affected patients.“ Placebo effects as great as 
30% can occur and also confound the results. Ideally, in- 
dividuals at risk for Huntington’s disease could be treated 
earlier, prior to the onset of chorea, presumably at a stage 
when less neuronal damage had already occurred. This 
could potentially delay the time to onset of symptoms and 
subsequent disability, two useful clinical end points. 

Our results demonstrate that measures of caudate me- 
tabolism and size demonstrate sufficient longitudinal 
change and that it is possible to use them as additional de- 
terminants in therapeutic drug trials of 3 to 4 years’ dura- 
tion. The lack of correlation between size and metabolism 
as measured with the ratios suggests that they are inde- 
pendent measures, providing complementary phenotypic 
information. Given the large between-subject variability 
noted above, a study designed to detect decreases in the 
rates of change in individuals or small groups could be 
potentially misleading. An optimal design would add the 
measures to a prospective age-matched, placebo-con- 
trolled therapeutic trial. A significant change in the rate of 
loss of caudate metabolism or size would provide addi- 
tional evidence of drug efficacy or lack thereof to be used 
in conjunction with clinical rating scores, time to symptom 
onset or time to disability. The size of a population 
required to detect a reduction in the rate of change of cau- 
date metabolism may be determined using a power of the 
test with a one-sided alternative.” To detect a statistically 
significant (P<.05) reduction of the rate of caudate meta- 
bolic loss from 3% per year to 1.5% per year with 80% cer- 
tainty would require 15 gene-positive subjects, scanned 
over a 42-month interval. To detect a reduction from 3% to 
2% per year with 80% certainty would require 34 gene- 
positive individuals. Presumably these numbers and the 
interval between scans can be reduced with the recent im- 
provements in tomograph resolution, image registration, 
and accurate tomographic reslicing. 

Since the results in this study were derived from a small 
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number of subjects, they provide a conceptual framework 
within which protocols may be designed that use PET as an 
objective, independent measure of the efficacy of experimen- 
tal therapies. Larger groups as estimated above should be 
used for actual experimental drug trials. Ideally, effective 
therapies directed against the devastating striatal neurode- 
generation in Huntington’s disease could then be identified 
more rapidly, earlier, and more objectively. 
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Neurologic and Neuropsychological Manifestations 
of Human Immunodeficiency Virus Infection 
in Intravenous Drug Users Without Acquired 
Immunodeficiency Syndrome 


Relationship to Head Injury 


Karen Marder, MD, MPH; Yaakov Stern, PhD; Renee Malouf, MD; Ming-Xin Tang, PhD; Karen Bell, MD; 
George Dooneief, MD; Waafa El-Sadr, MD; Scott Goldstein, MA; Jack Gorman, MD; Marcus Richards, PhD; Mary Sano, PhD; 
Stephan Sorrell, MD; George Todak, MSW; Janet B. W. Williams, DSW; Anke Ehrhardt, PhD; Richard Mayeux, MD 


e We examined 99 human immunodeficiency virus (HIV)- 
negative and 122 HIV-positive intravenous drug users 
(IVDUs) without acquired immunodeficiency syndrome 
(AIDS) to determine whether HIV-positive IVDUs had more 
neurologic and neuropsychological impairment than their 
HIV-negative counterparts. Controlling for age, education, 
drug use, history of head injury, and interactions between 
head injury and HIV status and drug use, HIV-positive sub- 
jects had more extrapyramidal signs and frontal release 
signs. These findings persisted when asymptomatic HIV- 
positive subjects without systemic signs of infection and 
HIV-negative subjects were compared. Neurologic findings 
were more severe in those with more systemic illness. 
Among those reporting a history of head injury with loss of 
consciousness, neuropsychological performance was signif- 
icantly worse in the HIV-positive subjects, and this in- 
creased with severity of illness. This was not true in the 
group without head injury, suggesting an interaction be- 
tween history of head injury and the seropositive state. No 
relationship was noted between head injury and either drug 
use or HIV state. Therefore, subtle neurologic and neu- 
ropsychological abnormalities may precede clinical evi- 
dence of AIDS in IVDUs and may be more evident in those 
with head injury. 
(Arch Neurol. 1992;49:1169-1175) 


T he association between human immunodeficiency vi- 

rus type 1 (HIV-1) and intravenous drug use (IVDU) 
has been known since 1981.' Estimates of HIV seropreva- 
lence range from 0% to 65% among IVDUs in drug treat- 
ment programs.” While the rate of HIV seroconversion in 
the gay population has stabilized, the rate of seroconver- 
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sion among IVDUs has continued to increase, up to 14% 
annually.” 

Little attention has been directed to the neurologic and 
neuropsychological consequences of HIV-1 in IVDUs be- 
cause it is difficult to follow them up*° and to determine 
what neurologic and neuropsychological effects are attrib- 
utable to HIV-1 alone. Drug use may affect performance, 
and other factors, such as education, head injury, alcohol 
use, infection, and vascular complications of drug use, may 
interfere with performance. 


SUBJECTS AND METHODS 
Subjects 


A total of 221 [VDUs (145 men and 76 women) volunteered and 
gave informed consent to participate in the study; 168 subjects 
were recruited from the Harlem Hospital Infectious Disease 
Clinic, New York, NY, and 53 were recruited from the St Luke’s/ 
Roosevelt Methadone Maintenance Clinic, New York, NY. 

By definition, all subjects had used intravenous drugs at least 
10 times since 1982. The Harlem subjects were not enrolled in a 
methadone maintenance program and were also required to have 
used intravenous drugs at least once in the year prior to enroll- 
ment. Detailed alcohol and other drug usage history was obtained 
for the 6 months and the 24 hours before evaluation. 

Subjects who met criteria for acquired immunodeficiency syn- 
drome (AIDS) according to the Centers for Disease Control Na- 
tional Surveillance Criteria (1985)° on entry were excluded. All 
were required to know their HIV status before entry, but 
enzyme-linked immunosorbent assay and Western blot analyses 
were repeated in all subjects. All subjects were required to speak 
English, although it was not necessarily their first language. 


Procedure 


Overview.—The neurologic examination, performed by a neu- 
rologist, took about 30 minutes. The neuropsychological exami- 
nation was administered by a trained examiner and took about 75 
minutes. These two examinations were not always performed on 
the same day but were always administered within 1 month. If a 
subject was obviously intoxicated or had any alteration in level of 
consciousness, he or she was asked to return. This occurred twice 
for the neurologic examination and 12 times for the neuropsy- 
chological examination. 

Medical Examination.—All subjects underwent a medical ex- 
amination and staging by medical symptoms and signs with use 
of a previously described rating scale.’ Subjects were grouped as 
follows: (1) HIV negative; (2) HIV positive, completely physically 
asymptomatic (these subjects had no physical symptoms or signs 
believed to be related to HIV infection that in themselves were 
severe enough to warrant clinical attention); (3) HIV positive, 
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Table 1.—Description of Neurologic Factors 
Factor Individual Variables 


Combination of all elicited symp- 
toms: cognitive, motor, and 
mood 


Symptoms 


Reflects number of extrapyramidal 
signs 


Extrapyramidal 


Alternating 
movements 


Reflects number of alternating 
movement abnormalities 


Reflects number of sensory abnor- 
malities 


Sensory 


Reflects number of frontal release 
signs 


Frontal release 


Reflects number of abnormalities 
on cranial nerve examination 


Cranial nerve 


mildly symptomatic (signs, such as lymphadenopathy, diarrhea 
for 2 weeks, or fever for 2 weeks, that would not meet criteria for 
stage 3 disease); and (4) HIV positive, symptomatic (significant 
medical signs but would not meet criteria for AIDS, eg, oral 
thrush, fever or diarrhea for >30 days, or oral hairy leukoplakia). 

Neurologic Examination.—Standardized neurologic examina- 
tions were performed before the elicitation of pertinent medical 
symptoms and history to be certain that the examiner did not 
know the HIV status of the subject. Details of the neurologic ex- 
amination were previously described.’ It included items to rate 
extrapyramidal signs from the Unified Parkinson’s Disease Rat- 
ing Scale.’ Cognitive function was screened briefly with use of a 
19-item mental status test. 

Neurologic symptoms were evaluated with a questionnaire 
created by Richard Price, MD (unpublished) to assess cognitive 
function, motor function, and mood.’ History of seizures, stroke, 
multiple sclerosis, psychiatric illness requiring hospitalization, 
and head injury with loss of consciousness was elicited. 

Analysis of Neurologic Data.—To simplify data analysis, we 
grouped individual items into larger categories and used factor 
scores derived from factor analysis of signs and symptoms at dif- 
ferent stages of illness. 

Individual Signs on Examination—Individual signs were re- 
corded separately, but for purposes of data analysis, some neuro- 
logic signs were grouped as follows: (1) alternating movements, (2) 
sensory abnormalities, (3) frontal release signs, (4) cranial nerve 
signs, and (5) extrapyramidal signs. The presence of any of the in- 
dividual signs rendered the whole category positive, while the ab- 
sence of all the signs in a category rendered the category negative. 

Factor Creation.—We used neurologic data for the entire 
cohort of HIV-positive and HIV-negative subjects for a factor 
analysis. A total of 77 individual variables were reduced to eight 
summary variables. These eight summary variables were in- 
cluded in a principal components factor analysis with subsequent 
VARIMAxX rotation. Six factors were produced (Table 1). Factor 
analysis provided a description of severity of illness because the 
number of abnormalities, rather than just presence or absence, 
was reflected in each factor. 

Neuropsychological Examination.—The neuropsychological 
examination, performed by an investigator “blinded” to HIV sta- 
tus, assessed a range of cognitive functions (Table 2). The battery 
was a truncated version of one described elsewhere.’ 

Analysis of Neuropsychology Data.—Neuropsychological 
test performance was evaluated in two ways, as described below. 

Comparisons With Normal Data.—One set of summary mea- 
sures was based on the number of SDs from the group mean per- 
formance for each subject for each test expressed in terms of z 
scores. Tests were subdivided into cognitive functions: general 
intelligence, memory, language, executive, visuospatial, atten- 
tion, and motor speed. Performance in each area was considered 
defective if one test score was 2 or more SDs or greater below the 
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Table 2.—Individual Neuro 
: Cognitive Areas 


ychological Tests and the 
ey Represent ; 
General intelligence 


Modified Mini-Mental State examination'®"' 
WAIS-R* Similarities!? 


Memory 
Selective Reminding Test"? 
Visual Reproduction subtest of Wechsler Memory Scale'* 


Language 
Boston Naming Test’? 
Controlled Oral Word Association Test'® 
Animal Naming” 


Executive 
Odd Man Out Test!® 
Trail Making Test Part B”? 


Visuospatial 
WAIS-R Block Design’? 


Attention 
Cancellations?’ 
WAIS-R Digit Symbol"? 


Motor Speed 
Grooved Pegboard?! 
Trail Making Test Part A’? 


*WAIS-R indicates Wechsler Adult Intelligence Scale—Revised. 





mean. Overall performance was considered defective if two or 
more areas were impaired. The mean of z scores for all tests in 
each area was calculated as a summary score. 

Clinical Impression.—Neuropsychological performance graded 
normal, borderline, or abnormal was assessed by two experienced 
neuropsychologists (Y.S. and M.S.) who were blinded to HIV status. 

Risk Behavior Assessment.—All subjects were systematically 
questioned about alcohol and other drug use. A variable was cre- 
ated to represent any drug use in the 6 months preceding the ini- 
tial evaluation. Any use of cocaine, heroin, benzodiazepines, hal- 
lucinogens, or phencyclidine was considered a positive history. 
For a subset of subjects (n=146), information on frequency of drug 
use was available. Drug use of less than two to six times per week 
was considered low-frequency use, and any amount greater than 
this was considered high-frequency drug use. Alcohol use was 
considered separately. Alcohol and other drug use for the 24 
hours before evaluation was rated as yes or no. All the same drugs 
were included, with the addition of marijuana. 


Statistical Analysis 


Age, education, and CD4 cell counts were contrasted in HIV- 
positive and HIV-negative subjects with independent sample t 
tests. Individual neuropsychological test scores in subjects with 
and without head injury within HIV-positive and HIV-negative 
groups were compared with the use of independent sample t 
tests. Categories describing the presence or absence of individual 
signs were examined with the use of Pearson's p° tests. 

Neurologic and neuropsychological indexes were contrasted in 
HIV-positive and HIV-negative subjects with the use of multi- 
variate analysis of variance (MANOVA). Individual main effects 
and interactions were included in each model based on prelim- 
inary analysis of their significance. The MANOVA for the neuro- 
logic indexes (the six factors listed in Table 1) included the 
following main effects: serostatus, history of head injury with loss 
of consciousness, current IVDU, and head injury X IVDU and 
head injury X serostatus interactions. Age and educational level 
were covariates. In the neuropsychological model, the following 
main effects were examined: serostatus, sex, first language, and 
history of head injury with loss of consciousness. A serostatus X 
head injury interaction was also included in the model, but a head 
injury X IVDU interaction was not, based on preliminary obser- 
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Table 3.—Demographic, Neurologic, and 
Immunologic Data* 


HIV Negative 
(n=99) 










HIV Positive 
(n=122) 















62 
37 

























Ethnicity 


W 16 12 
B 65 91 
Hispanic/W 11 15 
Hispanic/B 7 4 
Age, y 38.8 (7.8) 39.0 (6.6) 
Handedness 
R 86 112 
L 9 9 
Ambidexterous 4 1 


Neurologic history 


Head injury 36 51 

Seizures 16 14 

Stroke 1 0 
Education, y 11.7 (2.1) 11.6 (2.4) 
English (primary language) 90 114 


CD4 count, X10°/L 1.07 (0.74) 0.42 (0.29) 
History of drug use 

In past 6 mo 87 108 

In past 24 h 46 67 
History of alcohol use 

In past 6 mo 67 84 





In past 24 h 35 33 
*Values in parentheses are SDs. HIV indicates human immunodefi- 
ciency virus. 
tP<.01. 


vations of no relationship between these variables. Years of edu- 
cation and age were included as covariates. 

For the neurologic and neuropsychological models, after con- 
trasting seropositive and seronegative patients, two additional 
approaches were taken to grouping subjects. In the first approach, 
HIV-positive subjects were subdivided into two stages— 
asymptomatic plus mildly symptomatic and symptomatic but not 
having AIDS. Analyses of variance (ANOVAs) and Bartholom- 
ew’s test for nonlinearity” were performed on neurologic factor 
scores and on individual neuropsychological test scores in the 
HIV-positive and HIV-negative groups to determine between- 
group differences and whether there was a linear relationship 
between stage of illness and test scores. In the second approach, 
a direct contrast was made between HIV-positive and HIV- 
negative asymptomatic subjects. 

For a subset of 146 subjects in whom frequency of drug use was 
available, two-way ANOVA was performed with HIV status and 
high- and low-frequency drug use as main effects. 


RESULTS 
Demographics 


A total of 145 men and 76 women underwent neurologic 
and neuropsychological examinations. The cohort com- 
prised 122 HIV-positive subjects (83 men and 39 women) 
and 99 HIV-negative subjects (62 men and 37 women). Of 
the HIV-positive subjects, 33 (27%) (24 men and nine 
women) were completely physically asymptomatic; 28 
(23%) (22 men and six women) had mild medical signs, 
such as lymphadenopathy, and 61 (50%) (37 men and 24 
women) had medical signs of HIV infection but did not 
meet criteria for AIDS. 

The HIV-positive and HIV-negative subjects were com- 
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Table 4.—Demographic, Neurologic, and 
Immunologic Data fer eidi With and Without 
Head Injury* 


HIV Negative 
(n=99) 








HIV Positive 
(n=122) 








No No 
Head Head Head Head 
Injury Injury Injury Injury 
(n=63) (n=36) (n=71) (n=51) 


















38 
29 


38.3 (7.9) 


24 43 
11 27 


39.6 (7.4) 38.7 (6.9) 


39 
12 


39.6 (6.2) 






















Age, y 


Education, y 11.7 (2.1) 11.8 (1.9) 11.9 (2.2) 11.0 (2.4) 
CD4 count, 
x 10?/L 1.07 1.07 0.43 0.39 
Seizure history 7 9 6 8 
Stroke history 1 0 0 0 
History of drug 
use 
In past 6 mo 54 33 61 47 
In past 24 h 30 16 38 29 


History of alcohol 
use 

In past 6 mo 

In past 24 h 


*Values in parentheses are SDs. HIV indicates human immunodefi- 
ciency virus. 


parable in age, gender, education, ethnic group, primary 
language, and handedness. There was no significant dif- 
ference in medical history of seizures or cerebrovascular 
accidents reported by HIV-positive and HIV-negative 
subjects. Head injury with loss of consciousness was no 
different for HIV-positive and HIV-negative subjects. The 
mean CD4 cell count for HIV-negative subjects was 
1.07X10°/L compared with 0.4210°/L for HIV-positive 
subjects (Table 3). 

When HIV-positive and HIV-negative subjects were 
separated into those with and without head injury, no sig- 
nificant differences were seen in any of the demographic 
variables (Table 4). 


Relationship of Drug Use to HIV 
Infection and Head Injury 


Frequency of drug use was examined in relation to HIV 
status and head injury. When drug use was categorized as 
high or low frequency, a relationship between high- 
frequency drug use in the 6 months before evaluation and 
HIV-positive state was seen (x? [1 df], 3.81; P<.05). To fur- 
ther examine the relationship between frequency of drug 
use and HIV status, subjects were categorized as high- or 
low-frequency users according to stage of infection. The 
percentage of high-frequency drug users was as follows: 
HIV negative, 75%; asymptomatic, 95%; mildly symptom- 
atic, 65%; and moderately symptomatic but not AIDS, 87%. 
Although HIV-positive subjects used drugs more fre- 
quently than did HIV-negative subjects, no relationship 
between frequency of drug use and stage of infection was 
seen. 

No relationship between history of head injury and 
high- or low-frequency drug use was seen in the entire co- 
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Table 5.—Mean Scores for Each of Six Neurologic 
Factors in HIV-Negative and Two arap o 
HIV-Positive Subjects Are Contrasted With 

One-Way ANOVAs* 


Asymptomatic 
















HIV or Mild 
Negative Symptomst Symptomatic 
(n=99) (n=61) (n=61) 








Symptoms+# 3.36 (82) 2.54 (50) 4.75 (58) 
Extrapyramidal 0.25 (25) 0.33 (20) 0.49 (30)§ 
Alternating 

movements O12 <2) 0.10 (6) 0.10 (6) 
Sensory 0.68 (67) 0.72 (44) 0.69 (42) 
Frontal release 0.31 (31) 0.52 (30) 0.56 (34)§ 








0.58 (57) 





0.62 (38) 





Cranial nerve 0.52 (32) 


*HIV indicates human immunodeficiency virus; ANOVAs, analyses of 
variance. Values are mean scores. Values in parentheses are the num- 
ber of subjects demonstrating each factor on examination. 

tMild medical signs, eg, lymphadenopathy. 

+Combination of elicited symptoms (cognitive, motor, and mood). 

§P<.01. 


hort or when HIV-positive and HIV-negative subjects were 
considered separately. 


Neurologic Signs 


No differences were seen in the percentages of HIV- 
positive and HIV-negative subjects who had any impair- 
ment in cranial nerves, fine alternating movements, or 
sensory perception. Significantly more HIV-positive than 
HIV-negative subjects had extrapyramidal signs (P<.02) 
and frontal release signs (P<.002). 

Rigidity was the only extrapyramidal sign present more 
often in the HIV-positive subjects (7.4%) than in the HIV- 
negative subjects (0%). Tremor, bradykinesia, postural in- 
stability, or hypomimia occurred rarely but at similar fre- 
quencies in HIV-positive and HIV-negative subjects. 


Neurologic Symptoms 


Frequency of impaired concentration, memory, or word- 
finding difficulty did not differ in HIV-positive and HIV- 
negative subjects, and no differences were seen in the re- 
ported frequency of motor dysfunctions, such as impaired 
dexterity or gait or reported disorders of mood (depres- 
sion, apathy, or emotional lability). 


Neurologic Factors 


Mean scores for each of the six factors in HIV-negative 
patients and two stages of HIV-positive patients— 
asymptomatic or mildly symptomatic and HIV-positive 
symptomatic but not AIDS—were contrasted with the use 
of one-way ANOVAs (Table 5). Between-group differences 
were seen only for the extrapyramidal factor and the fron- 
tal factor. These two factor scores showed a linear increase 
with stage of illness, suggesting that subjects with more 
systemic illness also had more extrapyramidal and frontal 
release signs. 

The six neurologic factors were included ina MANOVA, 
with the main effects of serostatus (HIV positive vs HIV 
negative), current IVDU (present or absent), head injury 
(present or absent), a serostatus X IVDU interaction, and 
a serostatus X head injury interaction, covaried by age and 
education. The overall MANOVA was significant 
(P<.001), as were serostatus (Hotelling T*=.11, P<.002), 
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Table 6.—Number of Cognitive Areas With a Test 
Score at Least 2 SDs Below the Mean in HIV-Negative 
and HIV-Positive Patients* 


Areas With 
z Scores 
=—2 


HIV Negative HIV Positive 


67 (68) 
20 (20) 
6 (6) 
5 (5) 
O (0) 
1 (1) 










*HIV indicates human immunodeficiency virus. Values in parenthe- 
ses are percent of total. 


head injury with loss of consciousness (Hotelling T*=.08, 
P<.02), and IVDU (Hotelling T*=.14, P<.001) main effects. 

In follow-up univariate F tests, a significant serostatus 
effect was seen for extrapyramidal signs (F=7.3, P<.008), 
sensory abnormalities (F=6.9, P<.009), and frontal release 
signs (F=6.7, P<.01). When all other main effects and co- 
variates were controlled, HIV-positive subjects had signif- 
icantly more extrapyramidal signs, frontal release signs, 
and sensory signs. 

In a second MANOVA, stage of illness was substituted 
for serostatus as follows: (1) HIV negative; (2) HIV positive, 
asymptomatic; (3) HIV-positive, mildly symptomatic; and 
(4) HIV positive, moderately symptomatic. The MANOVA 
remained highly signficant (P<.001). Stage of illness (Ho- 
telling T*=.21, P<.003), head injury (Hotelling T?=.08, 
P<.02), and IVDU (Hotelling T*=.10, P<.006) main effects 
were all significant. 

In follow-up univariate F tests, a significant stage-of- 
illness main effect was seen for symptoms (F=4.2, P<.007), 
extrapyramidal signs (F=4.2, P<.007), and frontal release 
signs (F=2.7, P<.04). Therefore, with all other main effects 
and covariates controlled, subjects with the most systemic 
illness also had the highest frequencies of neurologic signs 
and symptoms. 

A third MANOVA contrasted HIV-negative and HIV- 
positive asymptomatic patients. The MANOVA was sig- 
nificant (P<.05), and the HIV negative/HIV positive con- 
trast was the only significant main effect (Hotelling T*=.13, 
P<.03). 

In follow-up univariate F tests, a significant serostatus 
effect was seen for extrapyramidal (F=5.4, P<.02), sensory 
(F=4.2, P<.04), and frontal release (F=4.8, P<.03) signs, in- 
dicating that even when the comparison was limited to as- 
ymptomatic HIV-positive subjects and HIV-negative sub- 
jects, significant increases in neurologic signs were seen. 


Neuropsychological Summary Scores 


No difference was seen between HIV-positive and HIV- 
negative subjects in the distribution of ratings of overall 
performance by the neuropsychologist’s impression or in 
the frequency of defective summary scores (Table 6). 

We calculated a set of omnibus MANOV As. The overall 
MANOVA was significant (P<.001). Neither the overall 
serostatus (HIV positive vs HIV negative) or serostatus X 
head injury interaction effect reached significance. How 
ever, in follow-up univariate F tests, a significant serosta- 
tus X head injury main effect was seen for tests of mem- 
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Table 7.—A Comparison of Human Immunodeficiency Virus (HIV)-Negative and HIV-Positive Subjects With and 
Without a History of Head Injury* 


No Head Injury 


HIV Negative 


Modified Mini-Mental State examination 50.0 (4.5) 


Selective Reminding Test 
Total recall 
Long-term retrieval 
Long-term storage 45.3 (14.9) 
Consistent long-term retrieval 34.5 (17.5) 
Delayed recall 7.7 (3.1) 
23.3 (4.7) 
18.7 (8.4) 


50.4 (10.5) 
42.2 (15.4) 


Boston Naming Test 
WAIS-R Block Design 


Wechsler Memory Scale 
Visual reproduction subtest 
Delayed visual reproduction subtest 


29.1 (7.4) 
22.4 (9.3) 


0.5 (0.96) 
88.6 (24.3) 
43.4 (13.0) 

111.6 (60.9) 

1.1 (0.89) 


Cancellations (omissions) 
Grooved pegboard, nondominant 
Digit Symbol (raw score) 

Trail Making Test Part B (sec) 


Neuropsychologist’s clinical impression 
psy 





Head Injury 


ieee Ee 
HIV Negative HIV Positive 


50.4 (3.4) 47.7 (5.6)t 


HIV Positive 
50.2 (4.3) 


S (8.1) 
44.2 (12.3) 
47.3 (12.5) 
36.2 (14.1) 
8.4 (2.6) 


23.9 (4.0) 
22.1 (9.5) 


50.4 (9.7) 
42.1 (12.7) 
45.4 (13.0) 
34.6 (13.7) 
7.7 (2.8) 


24.5 (4.0) 
22.7 (8.9) 


46.8 (11.9) 
35.7 (14.1)t 
38.7 (14.5)t 
27.7 (13.97t 
7.0 (2.9) 


21.8 (5.3)t 
18.1 (7.9)t 


30.2 (5.6) 
23.6 (9.1) 


1.9 (11.2) 
89.9 (20.2) 
45.7 (12.4) 

106.9 (52) 

1.0 (0.88) 


29.4 (7.4) 
23.8 (9.2) 


0.7 (1.3) 
82.5 (25) 
43.4 (11.4) 

115.3 (75) 

1.0 (0.92) 


26.6 (14.1) 
18.1 (9.2)t 


1.3 (1.4) 
100.3 (29.4)t 
39.4 (12.0) 
130.2 (59.7) 

1.4 (0.79)t 


*Two-way analysis of variance was performed. WAIS-R, indicates Wechsler Adult Intelligence Scale-Revised. Values are mean (SD) scores. 


tP<.05 significant HIV status X head injury interactions. 


ory (F=5.5, P<.02), language (F=3.7, P<.05), and visuo- 
spatial ability (F=5.3, P<.02). 

In a second MANOVA, when serostatus was replaced in 
the MANOVA by stage-of-illness (HIV negative vs three 
stages of HIV positive), stage-of-illness and serostatus X 
head injury main effects were not significant, nor were any 
of the univariate F tests. 

Finally, in a third MANOVA, HIV-positive and HIV- 
negative asymptomatic subjects were contrasted. The 
overall MANOVA was significant (P<.004), but the HIV 
negative/ HIV positive contrast and the serostatus X head 
injury interaction were not. In the follow-up univariate F 
test, a significant serostatus effect was seen for executive 
function (F=5.3, P<.02). 


Individual Neuropsychology Test Scores 


Mean individual test scores were calculated for subjects 
with or without head injury within HIV-positive and 
HIV-negative groups (Table 7). With the use of two-way 
ANOVAs with HIV status and history of head injury as 
main effects, significant differences were present in the 
subjects with head injury on a number of individual tests. 
No differences were seen between HIV-positive and HIV- 
negative subjects within the subject group without head 
injury. There was an interaction between HIV status and 
history of head injury for most variables (Figure). 

Subjects with and without head injury were then di- 
vided by stage of illness: (1) HIV negative; (2) HIV, 
asymptomatic and mildly symptomatic; and (3) HIV pos- 
itive, symptomatic but not AIDS. No between-group dif- 
ferences were seen in subjects without head injury. In con- 
trast, in the subjects with head injury, there was a linear 
relationship between stage of illness and neuropsycholog- 
ical test performance on the Mini-Mental State examina- 
tion, Selective Reminding Test, Delayed Visual Reproduc- 
tion subtest of the Wechsler Memory Scale, and the 
grooved pegboard. More severe stage of illness was asso- 
ciated with worse neuropsychological test performance in 
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Performance on the Selective Reminding Test (long-term retrieval) in 
subjects with (circle) and without (square) head injury. An interaction 
between head injury and human immunodeficiency virus—positive (HIV) 
state is seen. 


the subjects with head injury only, again suggesting an in- 
teraction between HIV status and head injury (Table 8). 
Individual neuropsychological tests were included in a 
MANOVA with serostatus, head injury, first language, sex, 
and a serostatus X head injury interaction main effects, 
covaried by age and education. Neither serostatus nor the 
serostatus X head injury interaction was a significant main 
effect. When univariate F tests were inspected, there were 
significant serostatus X head injury interactions for the 
Mini-Mental State examination (F=4.5, P<.04), the Boston 
Naming Test (F=5.5, P<.02), the Wechsler Adult Intelli- 
gence Scale-Revised (WAIS-R) Block Design (F=5.9, 
P<.02), WAIS-R Similarities (F=4.1, P<.05), Wechsler 
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Table eB aries paces Between Stage of Illness and 
Neuropsychological Test Performance in Subjects 
Reporting a History of Head Injury* 


HIV 

Positive, 

Asymp- 

tomatic HIV 
HIV or Mild Positive, 
Negative Symptoms Symptomatic 




















Mini-Mental State 


examination 50.4 (3.4) 47.9 (5.8) 47.6 (5.5)t 
Selective Reminding 
Test 
Long-term 
retrieval 42.1 (12,7) 38.2 (13.5) 33.0 (14.9)t 
Long-term 
storage 45.3 (13.0) 41.0 (13.9) 36.2.(15.3)T 
Consistent long- 
term retrieval 34.6 (13.7) 30.2 (13.10) 25.0 (14.9)t 
Wechsler Memory 
Scale 
Delayed Visual 
Reproduction 23.8 (9.2) 20.3 (10.6) 15.8 (6.2)t 
Grooved pegboard, 
nondominant 82.5 (25.6) 92.7 (26.3) 107.8 (30.8)t 





*HIV indicates human immunodeficiency virus. Values are mean (SD) 
scores on neuropsychological tests compared by analyses of variance. 
+P<.05. 


Memory Scale Visual Reproduction subtest (F=4.7, P<.03), 
and Delayed Visual Reproduction (F=4.6, P<.03). The in- 
teractions suggested that the performance was more im- 
paired in HIV-positive patients who sustained head injury. 

When the serostatus was replaced with HIV stage in the 
MANOVA model (HIV negative and three medical stages of 
HIV positive), the stage-of-illness main effect was not signif- 
icant. In the univariate F tests, there was a significant HIV 
stage effect for the modified Mini-Mental State examination 
(F=2.9, P<.04) and the Boston Naming Test (F=3.7, P<.01). 
No significant stage X head injury interaction was seen. 

When HIV-positive and HIV-negative asymptomatic 
subjects were contrasted, a significant HIV positive/HIV 
negative main effect was seen (Hotelling T*=.43, P<.02), 
but the serostatus X head injury interaction was not 
significant. Univariate F tests did not reveal an HIV status 
or an interaction effect for any individual tests. 


COMMENT 


The influence of HIV on neurologic and neuropsycho- 
logical function is difficult to determine in IVDUs for many 
reasons. First, the group is demographically diverse and 
includes men and women with a wide range of cultural 
and educational backgrounds. Second, many subjects have 
complex medical histories that include head trauma with 
loss of consciousness. Third, long-term drug use may af- 
fect neuropsychological test performance or the presence 
of neurologic signs. Also, acute intoxication (alcohol or 
other drugs) can affect performance. We therefore took a 
conservative approach to these preliminary analyses, con- 
trolling statistically for these possible effects. In addition, 
we used omnibus MANOVAs to adjust for multiple com- 
parisons. Nevertheless, two major findings emerged from 
this cross-sectional approach. 

First, the only neurologic findings that differed between 
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the HIV-positive and the HIV-negative subjects were the 
presence of extrapyramidal signs, most notably rigidity, 
and frontal release signs. These increased in linear fashion 
with stage of illness, appearing most prominent in those 
with the most systemic illness. When current IVDU, head 
injury, age, and education were included in an omnibus 
MANOVA, these findings persisted and were present even 
when totally asymptomatic HIV-positive subjects were 
contrasted with HIV-negative subjects. 

Second, there was no difference in the frequency of de- 
fective neuropsychological scores between HIV-positive 
and HIV-negative subjects. Examination of neuropsycho- 
logical summary scores included within a MANOVA 
revealed no significant serostatus main effects but did re- 
veal a number of univariate head injury X HIV status in- 
teractions. When individual neuropsychological tests were 
included ina MANOVA, again no significant main effects 
were seen, although many univariate head injury X HIV 
status interactions were noted. A total of 157 cases were 
included in this analysis. Because the MANOVAs were 
suggestive of specific relationships and were limited by 
smaller sample size, a simpler analysis, a two-way 
ANOVA with status and head injury main effects, was 
utilized, including all 221 subjects. A head injury X 
serostatus interaction was evident on numerous tests. 
Many of these tests showed a worsening with stage of in- 
fection within the group with head injury only. The signif- 
icant interaction between serostatus and head injury sug- 
gests that the effect of HIV on performance may be additive 
if there has been a brain injury. 

We found that the moderately symptomatic subjects 
who did not meet criteria for AIDS had more extrapyra- 
midal signs and frontal release signs. This finding is con- 
sistent with the idea that neurologic signs and symptoms 
increase with systemic disease and decline with immune 
function.” Early motor symptoms of HIV-1-—associated 
cognitive impairment include gait impairment, leg weak- 
ness, and tremor.” In patients with HIV-1—associated de- 
mentia complex, neurologic findings include frontal re- 
lease signs, slowed rapid alternating movements, gait 
impairment, hyperreflexia, hypertonia, and peripheral 
neuropathy.”. Our finding of extrapyramidal signs and 
frontal release signs even in those without systemic illness 
compared with HIV-negative subjects may reflect early 
subcortical hypermetabolism, which has been described in 
the early stages of HIV dementia with the use of positron 
emission tomography.” 

Whether specific behavior patterns predispose to ner- 
vous system dysfunction, including exposure to HIV 
infection and head trauma, deserves further exploration. 
No attempt was made at the time of the initial assessment 
to determine duration of unconsciousness, age at the time 
of head injury, or number of head injuries. We have 
included a more detailed head injury questionnaire in 
subsequent evaluations, including age at time of head in- 
jury, number of incidents, duration of loss of conscious- 
ness, and need for hospitalization. Magnetic resonance 
imaging evaluations in 115 of the [VDUs at subsequent 
evaluations will also provide further documentation of the 
degree of brain injury. 

Few studies have documented neurologic impairment in 
IVDUs. Ina retrospective study of HIV infection conducted 
before the advent of HIV antibody testing, 64% of subjects 
were IVDUs and 23% had abnormal neurologic signs.° 

In another survey of asymptomatic HIV-positive and 
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HIV-negative I[VDUs, neurologic abnormalities were 
equally prevalent: 81% of the seropositive group and 76% 
of the seronegative group.’” In a subsequent study of this 
cohort of 109 HIV-positive, predominantly mildly symp- 
tomatic and 51 HIV-negative subjects, Royal et al* found 
neurologic signs with similar frequency in seropositive 
and seronegative groups. Neuropsychological perfor- 
mance was similar in HIV-positive and HIV-negative 
groups, except for the Digit Span tests. When these tests 
were examined with an ANOVA, only education was sig- 
nificantly associated with the outcome. Royal et al did not 
report an interaction effect between serostatus and head 
injury with loss of consciousness, although head injury 
was common: HIV positive, 18%; HIV negative, 35%. The 
higher frequency of head injury and alcohol use in the se- 
ronegative subjects may have made any differences asso- 
ciated with serostatus more difficult to detect. 

In a prospective survey at Harlem Hospital Center, New 
York, NY, of 190 inpatients with AIDS or AIDS-related 
complex, 80% were IVDUs and 91% had neurologic symp- 
toms or signs, the most common of which was altered 
mental status, followed by focal cerebral signs.’ 

No difference was noted between [VDUs and non- 
IVDUs in the prevalence of neurologic findings, nor was 
there a difference in neurologic findings between pa- 
tients with AIDS and lymphadenopathy/AIDS-related 
complex. Clearly, the heightened awareness of the neu- 
rologic complications of HIV-1 infection, a detailed neu- 
rologic examintion, and detection of seropositivity in a 
high-risk patient population accounted for the higher 
frequency in the prospective study. 

Neuropsychological impairment was found by McKeg- 
ney et al” in finger tapping, Digit Span (forward), and 
WAIS-R Similarities measures when 83 HIV-positive 
IVDUs were compared with 137 HIV-negative IVDUs. 
Follow-up examinations of 91 patients 7 months after the 
baseline visit showed similar findings without deteriora- 
tion of function. 

In contrast, in Edinburgh, no significant differences were 
noted in cognitive function between the HIV-positive and 
HIV-negative IVDUs. The authors of the Edinburgh study 
concluded that AIDS dementia is a late complication of 
HIV infection and that intellectual impairment is more 
likely due to drug use.” 

Our data indicate that IVDUs who do not have AIDS 
show similar but less severe neurologic and neuropsycho- 
logical impairment than those seen in patients with AIDS. 
These signs are more apparent in those with more ad- 
vanced disease. Neuropsychological impairment was 
present only among HIV-positive subjects with a history of 
head injury and loss of consciousness. When HIV-positive 
subjects were compared with HIV-negative subjects in the 
population without head injury, no differences were seen, 
suggesting an interaction between head injury and HIV 
status. Further attention must be given to head injury as a 
contributor to neuropsychological impairment in HIV- 
infected individuals. 
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EPILEPS. TRE *TMETr IT: 
TAKE A SECOND LOOK 





Many patients with epilepsy tend to drift 

out of touch with their physicians once their 
seizures are reasonably controlled by anti- 
epileptic drugs. Because epilepsy is a chronic 
disorder, changes in seizure frequency, effec- 
tiveness of medication, and side effects are 
likely to occur over time. However, unless 
patients are seen at regular intervals, antici- 
pation of potential problems is not always 
possible. 


Only with regular visits can the physician 
monitor for the onset of side effects, especial- 
ly the seemingly minor ones, and review the 
patient's regimen in view of new develop- 
ments in diagnosis and treatment. Of particu- 
lar concern are some of the more subtle and 
insidious cognitive and behavioral effects that 
may develop. Even the patient may not be 
fully aware of personality deterioration or 
defects in cognitive function, memory, atten- 
tiveness, and problem- solving ability—all of 
which can affect his or her quality of life. 


With currently used antiepileptic drugs, side 
effects range from initial transient drowsiness 
to hematologic reactions or liver failure. How- 
ever, some of the less obvious side effects, 
while not life-threatening, may be disabling 
in terms of social adaptation, learning perfor- 
mance, and behavior. For example, some 
patients may find coarsening of facial features, 


gingival overgrowth, increased facial hair, or 
significant weight gain unacceptable. Others 
may be severely limited by chronic dullness 
or poor academic performance. 


Most clinicians have seen cases where 
switches in drug therapy or conversions to 
monotherapy have resulted in dramatic 
improvement in quality of life for patients 
with epilepsy. In some cases, career barriers 
have been broken; in others, physical limita- 
tions have been overcome. With regular sur- 
veillance, including questioning of family 
members and others close to the patient, such 
scenarios could become more familiar. 


The goals of epilepsy treatment are unchanged: 
to minimize both seizure recurrence and the 
adverse side effects of antiepileptic drug 
therapy, while maintaining the patient's 
normal psychosocial and emotional adjust- 
ment. Its an ongoing challenge. And clini- 
cians can meet it successfully by routine 
reevaluation of all their epilepsy patients. 


Today, many expert clinicians advocate 
regular yearly reevaluation of all patients. In 
the future, the necessity for reevaluation will 
increase if safer and more effective therapeu- 
tic options become available. 





© 1992 Carter-Wallace, Inc. FEL283A 


NMN) Wallace Laboratories 


Dedicated to improving the lives 
of patients with epilepsy 


Printed in USA November 1992 


Original Contribution 


Alcohol Exacerbates Behavioral and Neurochemical 
Effects of Rat Spinal Cord Trauma 


Peter S. Halt; Ray A. Swanson, MD; Alan |. Faden, MD 


e Acute alcohol intoxication may exacerbate the conse- 
quences of central nervous system trauma, although the 
mechanism is uncertain. Effects of acute ethanol adminis- 
tration on behavioral and neurochemical changes were ex- 
amined in rats after traumatic spinal cord injury. Survival 
rates were reduced and posttraumatic neurologic function 
worsened in ethanol-treated as compared with saline- 
treated controls. Ethanol-treated rats had significantly 
lower tissue levels of excitatory amino acids and higher lev- 
els of free fatty acids, thromboxane, and lactic acid than did 
controls. Tissue magnesium concentration was significantly 
reduced by trauma and recovered more slowly in ethanol- 
treated rats. Enhanced phospholipid hydrolysis with free 
fatty acid and thromboxane accumulation, increased re- 
lease of excitatory amino acids, and decreased tissue mag- 
nesium levels may each serve to worsen secondary tissue 
damage and diminish neurologic recovery after spinal cord 
injury associated with acute alcohol intoxication. 
(Arch Neurol. 1992;49:1178-1184) 


T raumatic injuries to the central nervous system often 
occur in the presence of acute alcohol intoxication.” 
Clinical**® and experimental” reports have suggested that 
such intoxication may worsen outcome from brain or spi- 
nal cord trauma. However, these observations have been 
limited, and the mechanism by which alcohol may exacer- 
bate posttraumatic tissue damage remains unclear. 
Much of the tissue injury that develops after experimen- 
tal spinal cord trauma appears to result from secondary 
biochemical or metabolic changes occurring in response to 
the initiating insult." Such postulated injury factors in- 
clude, among others, alterations in cations'’*; phospho- 
lipid hydrolysis, with release of free fatty acids (FFAs),'°"® 
eicosanoids,” and free radicals”; and release of excitatory 
amino acids.” It is believed that these factors are interac- 
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tive and cause tissue damage by altering cell mem- 
branes,'””° spinal cord blood flow,” or metabolism.” 

In this study, we examined whether acute ethanol 
administration alters certain biochemical and behavioral 
consequences of traumatic spinal cord injury (SCI), with 
the use of a well-standardized model of impact spinal cord 
trauma in rats. Biochemical measurements were chosen on 
the basis of previous work showing that phospholipid hy- 
drolysis, cation changes, excitatory amino acids, and lactic 
acidosis may each reflect the degree of posttraumatic spi- 
nal cord tissue damage and may be involved in the delayed 
injury response.” 


MATERIALS AND METHODS 


Behavioral studies were performed with the use of two differ- 
ent anesthetic agents in conjunction with ethanol pretreatment. In 
the first study, anesthesia was induced with 5% isoflurane and 
maintained with 1% isoflurane during the surgical procedure and 
injury. In the second study, rats were anesthetized with 50 mg/kg 
of ketamine hydrochloride (intramuscularly) and 30 mg/kg of 
pentobarbital sodium (intraperitoneally). We used two anesthetic 
conditions because the choice of anesthetic agent can affect out- 
come after SCI’; thus, it is important to determine whether the 
effects of ethanol are independent of specific anesthetic agents. 

Ethanol or saline was given through a tube inserted orally into 
the stomach. In each experiment, 10 rats received 4 g/kg of eth- 
anol (40% wt/vol in 0.9% saline) and 10 received an equivalent 
volume of physiologic saline. Blood alcohol levels 1 hour after 
administration were determined by gas chromatography by the 
method of Jain.” These averaged 54.3 mmol/L (250 mg/dL) (Fig 
1) and represent a moderate level of intoxication in rats.” 

Anesthetized animals were intubated with an 18-gauge angio- 
catheter and ventilated with a Harvard small-animal respirator 
(Harvard Model 683, South Natick, Mass). The carotid artery was 
cannulated, and blood pressure was continuously monitored by 
means of a Narco Biosystems (Narco Biosystems, Houston, Tex) 
physiograph and pressure transducer. Body temperature was 
monitored with a rectal probe and maintained between 37°C and 
38°C with a water-filled heating pad; arterial blood gases were 
maintained at normal levels by adjusting ventilation rate and 
volume. After laminectomy, trauma was produced at the T-9 spi- 
nal cord segment 1 hour after ethanol or saline administration 
with the use of a modified Allen weight drop (50 g-cm) tech- 
nique”: a 10-g weight was dropped through a fiberglass tube onto 
a Teflon impounder that rested on the exposed dura, as previ- 
ously described.” After trauma, animals were ventilated and 
monitored for 1 hour and allowed to recover in a temperature- 
controlled warmed water bath. Body temperatures were main- 
tained between 37°C and 38°C with a heating pad for up to 4 
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hours, until animals regained full consciousness. Animals were 
checked daily thereafter; those that did not regain bladder func- 
tion or gain weight normally were killed. 


Behavioral Studies 


Neurologic outcome was measured during a 4-week period, by 
an individual unaware of treatment, with the use of an angle- 
board score (the highest angle a rat can maintain in the horizon- 
tal position for 5 seconds on an inclined plane) and a modified 
Tarlov motor score,” as previously described.” The six-point or- 
dinal scale was based on motor function, as follows: 0, no spon- 
taneous movements; 1, spontaneous movements, but unable to 
support weight; 2, supports weight and stands, but unable to 
walk; 3, walks with severe spasticity and ataxia, falls frequently; 
4, walks, but with moderate to marked spasticity; and 5, normal 
motor function. 


Biochemistry Studies 


In the neurochemistry studies, rats were anesthetized with 50 
mg/kg of ketamine hydrochloride (intramuscularly) and 30 
mg/kg of pentobarbital sodium (intraperitoneally), ethanol or 
saline was given orally, and surgery and trauma were performed 
as above. Only a single anesthetic condition was used for practi- 
cal considerations. A total of 92 rats were used for biochemical 
measurements: 29 rats each received saline or ethanol with a 
50 g-cm injury; 17 rats each were given saline or ethanol and 
served as noninjured controls. Rats given ethanol and injury had 
a high mortality; 96 rats were needed to obtain 29 surviving rats 
for neurochemical analysis of this group. The choice of measure- 
ment times for each variable was based on previous work. 
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Fig 1.—Blood alcohol levels after gastric administration of 4 g/kg of al- 
cohol, 40% wt/vol in 0.9% saline (n=6). 
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Water Content and Cations 


Animals were reanesthetized with 50 mg/kg of pentobarbital 
sodium (intraperitoneally) 4 hours and 24 hours after trauma, and 
the T-9 spinal cord segment was removed quickly (within 30 sec- 
onds) and immediately frozen with liquid nitrogen. Spinal cord 
water content was determined by wet weight to dry weight ratios. 
Frozen tissue samples were weighed on aluminum foil, dried for 
24 hours at 105°C, and reweighed. The percentage of water was 
calculated from wet weight-dry weight differences, and tissue 
sodium, potassium, and magnesium concentrations were deter- 
mined by atomic absorption spectrophotometry as previously 
described." 


Amino Acid Measurements 


Animals were reanesthetized 24 hours after trauma, and spinal 
cords were frozen in situ with liquid nitrogen. The T-9 segment 
was removed and divided into two pieces for analysis of total 
amino acid and total lactate content. Free amino acids were 
extracted, derivatized, separated, and quantitated by high- 
performance liquid chromatography as described previously.’ 


Lactic Acid Measurements 


The frozen cord segments were placed into 1-mL aliquots of 
ice-cold 0.03N hydrochloric acid, allowed to thaw, and sonicated. 
Lactate level was determined by the method of Lowry and Pas- 
sonneau™ and normalized to protein concentrations as measured 
by the Lowry et al method.” 


FFAs, Cholesterol, and Thromboxane B, 


Animals were reanesthetized 4 and 24 hours after trauma, and 
spinal cords were frozen in situ with liquid nitrogen. The T-9 
segment was removed for analysis of total FFAs and cholesterol 
(both groups) and thromboxane B, (4-hour group only). Total 
FFAs and cholesterol were quantitated by gas-liquid chromatog- 
raphy, and thromboxane B, levels were determined by radioim- 
munoassay, as previously described.’**' Total tissue protein 
level was determined by means of the dye-binding method of 
Bradford.™ 


Data Analysis 


Survival differences were evaluated by Fisher’s Exact Proba- 
bility Test. Motor scores and angleboard scores were compared 
with the use of a Mann-Whitney U test and t test, respectively. 
Levels of FFAs, amino acids, thromboxane, and lactic acid were 
compared across groups by means of analysis of variance 
followed by Scheffe F tests and Dunnett t tests. A P value of less 
than .05 was considered statistically significant. 
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Fig 2.— Outcome 4 weeks after traumatic spinal cord injury as reflected by neurologic score and angleboard score and as a function of the anesthetic 
used. For neurologic scores, dots represent individual animal scores and histograms represent median values; histograms for angleboard scores rep- 
resent mean+ SEM. Asterisk indicates P<.05; dagger, P<.01. 
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RESULTS 


Isoflurane-anesthetized animals, regardless of treatment 
group, had significantly better neurologic recovery than 
did animals given pentobarbital and ketamine. In both an- 
esthetic models, ethanol pretreatment significantly wors- 
ened the neurologic outcome measured 4 weeks after 
traumatic SCI (Fig 2). With isoflurane, the percentages of 
animals regaining walking ability, individual motor 
scores, and angleboard scores were significantly lower in 
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Fig 3.—Survival rates in spinal cord-injured animals anesthetized with 
pentobarbital and ketamine. Asterisk indicates P<.01. 
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ethanol-intoxicated animals than in the saline-treated 
group (each P<.01). With pentobarbital and ketamine, no 
animals regained walking ability in either group, but 
ethanol-treated animals had significantly lower motor 
scores and angleboard scores than did saline-treated ani- 
mals (each P<.05). Injured animals given ethanol had a 
significantly higher mortality (P<.01) than did saline- 
treated animals (Fig 3). In all groups studied, deaths 
occurred only in the ethanol-treated injured animals anes- 
thetized with pentobarbital and ketamine. 

At 4 and 24 hours, noninjured laminectomy controls 
showed no significant differences in cation concentrations 
or water content, whether saline or ethanol was given be- 
fore surgery. These groups were combined as the laminec- 
tomy (noninjured) control group. At both time points, 
ethanol- and saline-treated injured spinal segments 
showed significantly higher water content and Na* con- 
centration than did segments from laminectomy controls 
(each P<.01). Tissue taken from ethanol-treated rats 4 
hours after injury had significantly lower water content 
and Na* concentration than did tissue from saline-treated 
rats (P<.05), but there was no difference between treat- 
ment groups at 24 hours (Fig 4). Four and 24 hours after 
trauma, all injured animals had significantly lower K* 
concentrations than did laminectomy controls, and there 
were no differences between ethanol- and saline-treated 
injured groups. At 4 hours, all injured spinal segments, re- 
gardless of pretreatment, showed significantly lower Mg** 
concentration than did those from laminectomy controls, 


Sodium, mol/g of Dry Weight 


4h 


Fe] Ethanol + Injury 


21 


Magnesium, mol/g of Dry Weight 





Fig 4.—The effects of ethanol on water content and levels (expressed as mean+ SEM) of total tissue magnesium, potassium, and sodium 4 and 24 
hours after impact spinal cord trauma (n=8). Asterisk indicates P<.01 vs laminectomy control; dagger, P<.05 vs saline-treated injured animals. 
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with no differences between the groups pretreated with 
saline or ethanol. At 24 hours, ethanol-treated animals still 
had significantly lower Mg’* concentration in injured spi- 
nal cord segments than did laminectomy controls, whereas 
concentrations in the saline-treated group had recovered to 
levels that did not differ significantly from control values 
(Fig 4). 

ietee-tour hours after injury, there were no differ- 
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Fig 5.—The effects of ethanol on total tissue lactic acid (expressed as 
mean+ SEM) 24 hours after impact spinal cord trauma (n=6). Asterisk 
indicates P<.01 vs laminectomy control; dagger, P<.05 vs saline- 
treated injured animals. 
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ences in tissue lactate between uninjured ethanol- and 
saline-treated animals; therefore, these groups were com- 
bined as laminectomy (noninjured) controls. Ethanol- 
treated injured rats had significantly higher lactate levels 
than either laminectomy controls or saline-treated injured 
rats, which were statistically indistinguishable (Fig 5). 

In both laminectomy control and injured groups, etha- 
nol treatment caused a decrease at 24 hours in levels of all 
total tissue amino acids measured as compared with lev- 
els in saline-treated controls. In saline-treated animals, 
spinal cord trauma caused significant decreases in tissue 
levels of aspartate and glutamate and modest but statisti- 
cally insignificant decreases in glycine level (Fig 6); the 
declines in glutamate, aspartate, and glycine after trauma 
were significantly greater in ethanol-treated animals. 
Trauma caused increases at 24 hours in other amino acids, 
including y-aminobutyric acid, asparagine, serine, alanine, 
threonine, and glutamine (Table). 

Saline- and _ ethanol-treated laminectomy controls 
showed no differences in total tissue FFA, thromboxane B,, 
or cholesterol content 4 or 24 hours after injury and were 
combined. Four hours after trauma, saline-treated injured 
rats had modest and statistically insignificant increases in 
16:0-palmitate, 18:0-stearate, 18:1-oleate, 20:4-arachi- 
donate, and 22:6-docosahexanoate as compared with lami- 
nectomy controls; in contrast, ethanol-treated injured rats 
had significantly greater levels of these FFAs, as well as 
total FFAs, than did either laminectomy controls or the 
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Fig 6.—The effects of ethanol on total tissue amino acid concentrations (expressed as mean+ SEM) for glutamate, aspartate, and glycine 24 hours 
after impact spinal cord trauma (n=6). Asterisk indicates P<.01 vs laminectomy control; dagger, P<.05 vs saline-treated injured animals; double 
dagger, P<.05 vs laminectomy control; and section mark, P<.01 vs saline-treated injured animals. 
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Fig 7.—The effects of ethanol on total tissue free fatty acids, individual free fatty acids, and thromboxane B, (expressed as mean+ SEM) 4 hours after 
impact spinal cord trauma (each n=6). Asterisk indicates P<.01 vs laminectomy control; dagger, P<.01 vs saline-treated injured animals; double 
dagger, P<.05 vs saline-treated injured animals; and section mark, P<.05 vs laminectomy control. 


saline-treated injured rats (Fig 7). Both ethanol- and 
saline-treated injured groups had significantly higher tis- 
sue thromboxane B; levels than did laminectomy controls, 
with the ethanol-treated group showing significantly 
higher levels than did saline-treated animals (Fig 7). 
Twenty-four hours after injury (data not shown), there 
were no significant differences in total FFA levels between 
ethanol- and saline-treated injured animals, although both 
injured groups had significantly higher FFA levels than 
did noninjured surgical controls. 

Four hours after trauma, only the saline-treated injured 
rats had significantly lower tissue cholesterol levels than 
did uninjured animals (P<.01). The ethanol-treated group 
had significantly higher cholesterol levels than did the 
saline-treated animals, and their levels were indistinguish- 
able from those of uninjured controls (Fig 8). At 24 hours, 
there was no significant difference in cholesterol content 
between ethanol- and saline-treated injured animals; how- 
ever, both injured groups had significantly lower choles- 
terol levels than did noninjured surgical controls (P<.01). 


COMMENT 


The effects of ethanol on functional neurologic recovery 
after spinal cord injury were measured in two different 
anesthetic models. Isoflurane-anesthetized animals scored 
significantly higher in all behavioral tests than did the 
pentobarbital/ketamine-anesthetized animals. Barbitu- 
rates have been shown to be protective in certain experi- 
mental models of brain injury” and may provide protec- 
tion over inhalation anesthetics in focal brain ischemia.” 
In contrast, ketamine may not be neuroprotective in focal 
brain ischemia as compared with other N-methyl-D- 
aspartate antagonists” and indeed may block the beneficial 
effects of other agents. However, the present findings are 
consistent with those of a previous study showing that gas 
anesthesia with halothane is more protective than pento- 
barbital% after SCI. It has also been shown that ethanol in 
combination with pentobarbital disrupts the blood-brain 
barrier by damaging capillary endothelial cells," which 
may contribute to secondary tissue injury. Despite the dif- 
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Fig 8.—The effects of ethanol on total tissue cholesterol (expressed as 
mean SEM) 4 and 24 hours after impact spinal cord trauma (each n=6). 
Asterisk indicates P<.01 vs laminectomy control. 


ferences between the anesthetic groups in the present 
study, effects of ethanol were qualitatively similar in both 
models. Consistent with previous studies,*"® our findings 
demonstrated that acute ethanol intoxication impaired be- 
havioral recovery after impact SCI. 

Certain biochemical changes observed in the spinal cord 
after trauma were considerably altered in ethanol-treated 
animals. In this study, total tissue magnesium depletion 24 
hours after trauma was greater in ethanol-intoxicated an- 
imals than in controls. In previous studies, tissue magne- 
sium content was significantly reduced after spinal cord 
trauma in proportion to injury severity’? and was associ- 
ated with a more substantial decline of intracellular free 
magnesium levels.” Decreased tissue magnesium levels 
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may have profound cellular consequences, affecting oxi- 
dative phosphorylation, ion flux, excitatory amino acids, 
and receptor activity, which may serve to magnify the sec- 
ondary injury response.” In previous studies, we found 
that magnesium supplementation improved and magne- 
sium depletion exacerbated the consequences of central 
nervous system trauma.” Moreover, in preliminary exper- 
iments we have shown beneficial effects of magnesium 
treatment in ethanol-pretreated animals (P.S.H. and A.LF., 
unpublished data, 1989-1990). 

Unexpectedly, ethanol treatment limited increases in 
tissue sodium concentration and water content normally 
seen in the first hours after SCI. Ethanol has been found to 
inhibit inward sodium current,“” in part, through actions 
at excitatory amino acid receptors.* Ethanol also affects 
Na*/K* adenosine triphosphatase activity, although 
changes in both directions have been reported.” It is un- 
likely that these early changes in water content affected 
secondary tissue damage, because previous studies have 
shown that changes in water content after injury are not 
significantly correlated to trauma severity.’ Moreover, by 
24 hours, sodium concentration and water levels were 
equivalent regardless of pretreatment, each being signifi- 
cantly higher than those of laminectomy controls. Our 
findings contrasted with those of Brodner et al who 
reported that ethanol intoxication at the time of trauma 
may exacerbate edema. 

Concentrations of lactic acid within the spinal cord have 
previously been shown to increase within minutes of 
trauma and to correlate with irreversible tissue damage”; 
moreover, after SCI, levels of lactate appear to remain el- 
evated for at least 8 hours.” In the present study, total tis- 
sue lactate level was significantly elevated in ethanol- but 
not saline-treated rats 24 hours after injury. The increased 
lactate levels must represent continued excess production, 
presumably reflecting areas of borderline perfusion asso- 
ciated with reduced spinal cord blood flow that occurs af- 
ter trauma.” This may indicate the possibility of therapeu- 
tic intervention even at this late time point, a concept 
supported by pharmacologic studies." 

In this study, ethanol treatment significantly potentiated 
tissue depletion of excitatory amino acids after trauma. In 
previous work, spinal cord amino acid content was signif- 
icantly altered after traumatic SCI in rats in proportion to 
injury severity.” The excitatory amino acids aspartate and 
glutamate were released extracellularly immediately after 
SCI,” with total tissue levels reduced by 5 minutes and re- 
maining significantly depressed for at least 24 hours.” That 
such changes contribute to secondary tissue injury after 
trauma is suggested by studies showing that treatment 
with N-methyl-D-aspartate antagonists limited tissue dam- 
age and improved neurologic outcome after spinal 
trauma,” including that in animals pretreated with eth- 
anol (P.S.H. and A.I.F., unpublished data, 1989-1990). 
However, other studies have shown that ethanol at low 
concentrations can inhibit effects of N-methyl-D-aspartate, 
possibly by modifying the N-methyl-D-aspartate—glycine 
interaction at the receptor." On the other hand, ethanol has 
substantial effects on membrane proteins and protein me- 
tabolism” and has been shown to increase levels of free 
glutamate and aspartate in brain tissue significantly within 
10 minutes of administration.” 

Spinal cord trauma normally causes phospholipid hy- 
drolysis and lipid peroxidation, resulting in increased lev- 
els of total tissue FFAs, including arachidonate and its ei- 
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cosanoid metabolites.'*'*”° In the present study, total tissue 
FFA and thromboxane B, levels were significantly higher 
4 hours after trauma in ethanol-treated rats than saline- 
treated rats, extending previous work that showed that 
ethanol increased lipid peroxidation after spinal cord 
trauma” and elevated thromboxane B, levels after total 
brain ischemia.” These effects may have resulted from the 
actions of ethanol on membrane-bound phospholipase C 
and phospholipase A, enzymes.****® In addition, acute in- 
toxication may have directly stimulated prostanoid syn- 
thesis* and prostaglandin release.” Polyunsaturated 
fatty acids, thromboxane B, and peptidyl-leukotrienes 
have each been implicated in secondary tissue injury after 
spinal cord trauma.” In these studies, ethanol appeared 
to slow the loss of tissue cholesterol seen after spinal cord 
injury. Ethanol is lipophilic and may interact with cell 
membrane cholesterol to prevent its early loss after injury. 
Perhaps consistent with such speculation, it has been 
shown that ethanol can cause an increase in membrane 
cholesterol concentration.” 

In summary, acute ethanol administration exacerbated 
the neurologic consequences of spinal cord trauma and al- 
tered certain biochemical changes that have been associ- 
ated with secondary tissue damage. Effects of ethanol on 
phospholipid hydrolysis, magnesium depletion, and exci- 
tatory amino acid release may have accounted for en- 
hanced posttraumatic injury in acute alcohol intoxication. 
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CODEINE (li CAPSULES 


(Codeine phosphate USP. 30 mg (warning: may be habit forming), butalbital USP, 50 mg (warning: may be habit 
forming], caffeine USP. 40 mg; aspirin USP, 325 mg) 


CAUTION: Federal law prohibits dispensing without prescription 


CONTRAINDICATIONS: Fiorinal® with Codeine is contraindicated under the following conditions 

1. Hypersensitivity or intolerance to aspirin, caffeine, butalbital or codeine. 

2 Patients with a hemorrhagic diathesis (e.g, hemophilia, hypoprothrombinemia, von Willebrand's disease, the 
thrombocytopenias, thrombasthenia and other ill-defined hereditary platelet dystunctions, severe vitamin K deficiency 
and severe liver damage.) 

3. Patients with the syndrome of nasal polyps, angioedema and bronchospastic reactivity to aspirin or other nonsteroidal 
anti-inflammatory drugs. Anaphylactoid reactions have occurred in such patients 

4. Peptic ulcer or other serious gastrointestinal lesions 

5 Patients with porphyria. 


WARNINGS: Therapeutic doses of aspirin can cause anaphylactic shock and other severe allergic reactions. It 
should be ascertained if the patient is allergic to aspirin, although a specific history of allergy may be lacking. 

Significant eget Rook result from aspirin therapy in patients with peptic ulcer or other gastrointestinal lesions, 
and in patients with bleeding disorders 

Aspirin administered pre-operatively may prolong the bleeding time 

in the presence of head injury or other intracranial lesions, the respiratory depressant effects of codeine and 
other narcotics may be markedly enhanced, as well as their capacity for elevating cerebrospinal fluid pressure 
Narcotics also produce other CNS depressant effects, such as drowsiness, thal may further obscure the clinical 
course of patients with head injuries. 

Codeine or other narcotics may obscure signs on which to judge the diagnosis or clinical course of patients 
with acute abdominal conditions. 

Butalbital and codeine are both habit-forming and potentially abusable. Consequently, the extended use of Fiorinal® 
with Codeine is not recommended 

Results trom epidemiologic studies indicate an association between aspirin and Reye Syndrome. Caution should 
be used in administering this product to children, including teenagers, with chicken pox or flu. 


: General: Fiorinal® with Codeine should be prescribed with caution for certain special-risk patients 
such as the elderly or debilitated, and those with severe impairment of renal or hepatic function, coagulation disorders, 
or head injuries 

a should be used with caution in patients on anticoagulant therapy and in patients with underlying hemostatic 
defects. 

Precautions should be taken when administering salicylates to persons with known allergies. Hypersensitivity to 
aspirin is particularly likely in patients with nasal polyps, and relatively common in those with asthma 

information for Patients: Patients should be informed that Fiorinal® with Codeine contains aspirin and should 
not be taken by patients with an aspirin allergy 

Fiorinal® with Codeine may impair the mental and/or physical abilities required for performance of potentialy 
thar tasks such as driving a car or operating machinery. Such tasks should be avoided while taking Fiorinal 
with Codeine. 

Alcohol and other CNS depressants may produce an additive CNS depression when taken with Fiorinal® with 
Codeine, and should be avoided 

Codeine and butalbital may be habit-forming. Patients should take the drug only for as long as it is prescribed, 
in the amounts prescribed, and no more frequently than prescribed 

Laboratory Tests: In patients with severe hepatic or renal disease, effects of therapy should be monitored with 
serial liver and/or renal function tests. 

Drug Interactions: The CNS effects of butalbital may be enhanced by monoamine oxidase (MAO) inhibitors 

In patients receiving concomitant corticosteroids and chronic use of aspirin, withdrawal of corticosteroids may 
result in salicylism because corticosteroids enhance renal clearance of salicylates and their withdrawal is followed 
by return to normal rates of renal clearance 

Fiorinal® with Codeine may enhance the elfects of 
1. Oral anticoagulants, causing bleeding by inhibiting prothrombin formation in the liver and displacing anticoagulants 

from plasma protein binding sites. 
2. Oral antidiabetic agents and insulin, causing hypoglycemia by contributing an additive effect, if dosage of Fiorinal® 

with Codeine exceeds maximum recommended daily dosage 
3. 6-mercaptopurine and methotrexate, causing bone marrow toxicity and blood dyscrasias by displacing these drugs 

from secondary binding sites, and, in the case of methotrexate, also reducing its excretion. 
4 agian anti-inflammatory agents, increasing the risk of peptic ulceration and bleeding by contributing additive 

effects. 
5. Other narcotic analgesics, alcohol, general anesthetics, tranquilizers such as chlordiazepoxide, sedative-hypnotics, 

or other CNS depressants, causing increased CNS depression 

Fiorinal® with Codeine may diminish the effects of Uricosuric agents such as probenecid and sulfinpyrazone, 
reducing their effectiveness in the treatment of gout. Aspirin competes with these agents for protein binding sites. 


Drug/Laboratory Test Interactions 
Aspirin: Aspirin may interfere with the following laboratory determinations in blood: serum amylase, fasting blood 
lucose, cholesterol, protein, serum ee ee transaminase (SGOT), uric acid, prothrombin time and bleedi 
time. Aspirin may interfere with the following laboratory determinations in urine: glucose, S-hydroxyindoleacetic acid, 
Gerhardt ketone, vanillyimandelic acid (VMA), uric acid, diacetic acid, and spectrophotometric detection of barbiturates 
Codeine: Codeine may increase serum amylase levels 
Mutagenesis, Impairment of Fertility: Adequate long-term studies have Deen conducted in 
mice and rats with aspirin, alone or in combination with other drugs, in which no evidence of carcinogenesis was 
seen. No adequate studies have been conducted in animals to determine whether aspirin has a potential for mutagenesis 
or impairment of fertility No adequate studies have been conducted in animals to determine whether butalbital 
has a potential for carcinogenesis, mutagenesis, or impairment of fertility 

Usage in Pregnancy 

Teratogenic Effects: Pregnancy Category C — Animal reproduction studies have not been conducted with Fiorinal® 
with Codeine. It is also not known whether Fiorinal® with Codeine can cause fetal harm when administered to 
a pregnant woman or can affect reproduction capacity Fiorinal® with Codeine should be given to a pregnant woman 
only when clearly needed. 

Nonteratogenic Effects: Although Fiorinal® with Codeine was not implicated in the birth defect, a temale infant 
was born with lissencephaly, pachygyria and heterotopic gray matter The infant was born 8 weeks prematurely 
to a woman who had taken an average of 90 Fiorinal® with Codeine capsules each month from the first few days 
of pregnancy The child's development was mildly delayed and from one year of age she had partial simple motor 
Seizures. 

Withdrawal seizures were reported in a two-day-old male infant whose mother had taken a bulalbital-containing 
drug during the last 2 months of pregnancy. Butalbital was found in the infant's serum. The infant was given phenobarbital 
Ae p which was tapered without further seizure or other withdrawal symptoms 

Studies of aspirin use in pregnant women have not shown that aspirin increases the risk of abnormalities when 
administered during the first trimester of pregnancy. In controlled studies involving 41,337 pregnant women and 
their offspring, there was no evidence that aspirin taken during pregnancy caused stillbirth, neonatal death or reduced 
birth weight. In controlled studies of 50,282 pregnant women and their offspring, aspirin administration in moderate 
and heavy doses during the first four lunar months of pregnancy showed no teratogenic effect 

Reproduction studies have been performed in rabbits and rats at doses up to 150 times the human dose and 
have revealed no evidence of impaired fertility or harm to the fetus due to codeine 

Therapeutic doses of aspirin in pregnant women close to term may cause bleeding in mother, fetus, or neonate 
During the last 6 months of pregnancy, regular use of aspirin in high doses may prolong pregnancy and delivery. 

Labor and Delivery: Ingestion of aspirin prior to delivery may prolong delivery or lead to bleeding in the mother 
or neonate. Use of codeine during labor may lead to respiratory depression in the neonate 

Nursing Mothers: Aspirin, caffeine, barbiturates and codeine are excreted in breast milk in small amounts, but 
the significance of their effects on nursing infants is not known. Because of potential for serious adverse reactions 
in nursing infants from Fiorinal® with Codeine, a decision should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug to the mother. 

Pediatric Use: Safety and effectiveness in children below the age of 12 have not been established. 


ADVERSE REACTIONS: Commonly Observed: The most commonly reported adverse events associated with the 
use of Fiorinal® with Codeine and not reported at an equivalent incidence by placebo-treated patients were nausea 
and/or abdominal pain, drowsiness, and dizziness. 

Associated with Treatment Discontinuation: Of the 382 patients treated with Fiorinal® with Codeine in controlled 
clinical trials, three (0.8%) discontinued treatment with Fiorinal® with Codeine because of adverse events. One patient 
each discontinued treatment for the following reasons. gastrointestinal upset; lightheadedness and heavy eyelids: 
and drowsiness and generalized tingling. 
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events reported by at least 1% of the Fiorinal® with Codeine d patients in controlled 
nann with Codeine to placebo, and provides a comparison to the incidence rates 
treated patients. 

The prescriber should be aware that these figures cannot be used to predict the incidence of side effects in 
the course of usual medical practice where patient characteristics and other factors ditfer from those that prevailed 
in the clinical trials. Similarly, the cited frequencies cannot be compared with figures obtained from other clinical 
investigations involving different treatments, uses, and investigators. 
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During Placebo Controlled Clinical Trials 
Incidence Rate of Adverse Events 

Body System/ Fiorinal®/Codeine Placebo 

Adverse Event (N = 382) (N = 377) 
Central Nervous 

Drowsiness 2.4% 0.5% 

Dizziness/Lightheadedness 26% 0.5% 

Intoxicated Feeling 1.0% 0% 
Gastrointestinal 

Nausea/Abdominal Pain it + 3.7% 0.8% 

Other Adverse Events During Controlled Clinical Trials: Tne listing that follows represents the proportion 


of the 382 patients exposed to Fiorinal® with Codeine while participating in the controlled clinical trials who reported, 
on at least one occasion, an adverse event of the type cited. All reported, adverse events, except those already 
presented in the previous table, are included. It is important to emphasize thai, although the adverse events reported 
did occur while the patient was receiving Fiorinal® with Codeine, the adverse events were not necessarily caused 
by Fiorinal® with Codeine 

Adverse events are classified by body system and frequency “Frequent” is defined as an adverse event which 
occurred in at least 1/100 (1%) of the patients; all adverse events listed in the previous table are frequent. “Infrequent” 
is defined as an adverse event that occurred in less than 1/100 patients but at least 1/1000 patients. All adverse 
events tabulated below are classified as infrequent 

Central Nervous: headache, shaky feeling, tingling, agitation, fainting, fatigue, heavy eyelids, high energy, not spells. 
numbness, and sluggishness 

Autonomic Nervous: dry mouth and hyperhidrosis 

Gastrointestinal: vomiting, difficulty swallowing, and heartburn. 

Cardiovascular: tachycardia 

Musculoskeletal: l2g pain and muscle fatigue 

Genitourinary: diuresis. 

Miscellaneous: pruritus, fever, earache, nasal congestion, and tinnitus 

big reports of adverse drug events, temporally associated with Fiorinal® with Codeine, that have been received 
since market introduction and that were not reported in clinical trials by the patients treated with Fiorinal® with 
Codeine, are listed below Many or most of these events may have no causal relationship with the drug and are 
listed according to body system 

Central Nervous: Abuse, addiction, anxiety, depression, disorientation, hallucination, hyperactivity, insomnia, libido 
decrease, nervousness, neuropathy, psychosis, sedation, sexual activity increase, slurred speech, twitching, uncon- 
sciousness, vertigo. 

Autonomic Nervous: epistaxis, flushing, miosis, salivation 

Gastrointestinal: anorexia, appetite increased, constipation, diarrhea, esophagitis, gastroenteritis, gastrointestinal 
spasm, hiccup, mouth burning, pyloric ulcer 

Cardiovascular: chest pain, anes reaction, palpitations, syncope 

Skin: erythema, erythema multiforme, extoliative dermatitis, hives, rash, toxic epidermal necrolysis. 

Urinary: kidney impairment, urinary difficulty 

Miscellaneous: allergic reaction, anaphylactic shock, cholangiocarcinoma, drug interaction with erythromycin 
(stomach upset), edema 

The following adverse drug events may be borne in mind as potential effects of the components of Fiorinal® 
with Codeine. Potential effects of high dosage are listed in the OVERDOSAGE section of this insert. 

Aspirin: occult blood loss, hemolytic anemia, iron deficiency anemia, gastric distress, heartburn, nausea, peptic 
ulcer, prolonged bleeding time, acute airway obstruction, renal toxicity when taken in high doses for prolonged 
periods, impaired urate excretion, hepatitis 

Caffeine: cardiac stimulation, irritability, tremor, dependence, nephrotoxicity, hyperglycemia 

Codeine: nausea, vomiting, drowsiness, lightheadedness, constipation, pruritus 


DRUG ABUSE AND DEPENDENCE: Fiorinal® with Codeine is controlled by the Drug Enforcement Administration 
and is classified under Schedule Ill. 

Codeine: Codeine can produce drug dependence of the morphine type and, therefore, has the potential for 
being abused. Psychological dependence, physical dependence, and tolerance may develop upon repeated 
administration and it should be prescribed and administered with the same degree of caution appropriate to the 
use of other oral narcotic medications. 

Butalbital: Barbiturates may be habit forming: Tolerance, psychological dependence, and physical dependence 
may occur especially following prolonged use of high doses of barbiturates. The average daily dose for the barbiturate 
addict is usually about 1,500 mg. As tolerance to barbiturates develops, the amount needed to maintain the same 
level of intoxication increases; tolerance to a fatal dosage, however, does not increase more than two-fold. As this 
occurs, the margin between an intoxication dosage and fatal dosage becomes smaller. The lethal dose of a barbiturate 
is far less if alcohol is also ingested. Major withdrawal symptoms (convulsions and delirium) may occur within 16 
hours and last up to 5 days after abrupt cessation of these drugs. Intensity of withdrawal symptoms gradually declines 
over a period of approximately 15 days. Treatment of barbiturate dependence consists of cautious and gradual 
withdrawal of the drug. Barbiturate-dependent patients can be withdrawn by using a number of different withdrawal 
regimens. One method involves initiating treatment at the patient's regular dosage level and gradually decreasing 
the daily dosage as tolerated by the patient 


OVERDOSAGE: The toxic effects of acute overdosage ot Fiorinal® with Codeine capsules are attributable mainly 
to the barbiturate and codeine components, and, to a lesser extent, aspirin. Because toxic effects of caffeine occur 
in very high dosages only, the possibility of significant caffeine toxicity from Fiorinal® with Codeine overdosage 
is unlikely 
Signs and Symptoms: Symptoms attributable to acute barbiturate poisoning include drowsiness, contusion, and 
coma; respiratory depression; hypotension; shock. Symptoms attributable to acute aspirin poisoning include hyperpnea, 
acid-base disturbances with development of metabolic acidosis; vomiting and abdominal pain; tinnitus, hyperthermia; 
hypoprothrombinemia; restlessness; delirium; convulsions. Acute caffeine poisoning may Cause insomnia, restlessness, 
tremor, and delirium; tachycardia and extrasystoles. Symptoms of acute codeine poisoning include the triad of: pinpoint 
pupils, marked depression of respiration, and loss of consciousness. Convulsions may occur 
Treatment: The foliowing paragraphs describe one approach to the treatment of overdose with Fiorinal® with 
Codeine. However, because strategies for the management of an overdose continually evolve, consultation with a 
regional poison control center is strongly encouraged 
reatment consists primarily of management of barbiturate intoxication, reversal of the effects of codeine, and 
the correction of the acid-base imbalance due to salicylism. Vomiting should be induced mechanically or with emetics 
in the conscious patient Gastric lavage may be used if the pharyngeal and laryngeal reflexes are present and 
if less than 4 hours have elapsed since ingestion. A cuffed endotracheal tube should be inserted before gastric 
lavage of the unconscious patient and when necessary to provide assisted respiration. Diuresis, alkalinization of 
the urine, and correction of electrolyte disturbances should be accomplished through administration of intravenous 
fluids such as 1% sodium bicarbonate and 5% dextrose in water 
Meticulous attention should be given to maintaining adequate pulmonary ventilation. Correction of hypotension 
may require the administration of levarterenol bitartrate or phenylephrine hydrochloride by intravenous infusion. In 
severe cases of intoxication, peritoneal dialysis, hemodialysis, or exchange transfusion may be lifesaving. 
Hypoprothrombinemia should be treated with vitamin K, intravenously, 
Methemoglobinemia over 30% should be treated with methylene blue by slow intravenous administration. 
Naloxone, a narcotic antagonist, can reverse respiratory depression and coma associated with opioid overdose. 
Typically, a dose of 0.4 mg to 2 mg is guen parenterally and may be repeated if an adequate response is not 
achieved. Since the duration of action of codeine may exceed that of the an ist, the patient should be kept 
under continued surveillance and repeated doses of. the antagonist should be administered as needed to maintain 
adequate respiration. A narcotic antagonist should not be administered in the absence of clinically significant respiratory 
or cardiovascular Gepression. 
Toxic and Lethal Doses: 
Butalbital: toxic dose 1.0 g (adult); lethal dose 2.0-5.0 g 
Aspirin: toxic blood level greater than 30 mg/100 mL, lethal dose 10-30 g (adult) 
Caffeine: toxic dose greater than 1.0 g; lethal dose unknown 
Codeine: lethal dose 0.5-1.0 g (adult) 
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Distinct Syndromes of Hemineglect 


Jeffrey Binder, MD; Randolph Marshall, MD; Ronald Lazar, PhD; Jeffrey Benjamin, MD; J. P. Mohr, MD 


e Hemineglect was assessed in 34 patients with right- 
hemisphere stroke using a letter-cancellation task and a line 
bisection task. No significant correlation (r=.39) was found 
between scores on the two tests. Ten patients who showed 
neglect on the cancellation task but performed normally on 
line bisection had frontal or deep lesions. Eleven patients 
with posterior lesions deviated rightward on line bisection; 
several of these had minimal or no cancellation deficit. A 
nonmotor task involving judgment of a bisected line was 
also performed abnormally by six patients with line bisec- 
tion shift, suggesting that such shift does not result from a 
motor response asymmetry. We propose that separable 
components of the neglect syndrome may be associated 
with damage to discrete areas of the nondominant hemi- 
sphere. 
(Arch Neurol. 1992;49:1187-1194) 


çes of the hemineglect syndrome include defective 
orienting to unilateral sensory stimuli, sensory ex- 
tinction, unilateral impairment in drawing, copying, read- 
ing, or picture description, defective recall of half of a re- 
membered scene, unilateral limb akinesia in the absence of 
motor weakness, anosognosia, asomatognosia, and a host 
of other asymmetric behaviors.’ While all have been con- 
sidered abnormalities of “directed attention,” it is uncer- 
tain whether these complex and varied behaviors share a 
common physiologic mechanism. Hemineglect theories 
emphasizing either the perceptual** or the motor? aspects 
of these behaviors have been widely discussed, yet an ac- 
count resting on any single mechanism would be unlikely 
to explain the varied combinations of signs observed 
among different patients with the syndrome.” The per- 
ceptual and motor accounts of hemineglect are not mutu- 
ally exclusive, and either or both might be operative in an 
individual case. This could explain the contradictory 
results obtained by different investigators using similar 
procedures to test these models.*” Several recent studies 
have found evidence for a perceptual deficit in some pa- 
tients and a directional motor defect in others when the 
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side of visual sensory stimulation is uncoupled from the 
direction of motor response.'*” 

Despite accumulating evidence that distinct subtypes of 
hemineglect exist, little study has been made of correla- 
tions between deficit profiles and lesion topography in 
unselected patients. While lateral shift on a line bisection 
task, for example, has often been interpreted as a percep- 
tual or “representational” deficit,” it is not known whether 
such a response can be correlated with injury in a partic- 
ular location. Target cancellation has been considered a test 
of “motor exploration,” and therefore of frontal function,“ 
yet conflicting data exist regarding the anatomic correlate 
of deficits on this task.’”'® 

The purposes of our investigation were twofold: (1) to 
determine whether distinct patterns of neglect behavior 
could be demonstrated using routine clinical tests in an 
unselected group of stroke patients; and (2) to correlate le- 
sion topography with observed patterns of behavior. We 
specifically wished to determine whether line bisection, 
which requires a perceptual comparison of left and right 
hemispace, would be sensitive to parietal injury,” and 
whether target cancellation would be sensitive to frontal 
injury. Because the standard line bisection task also 
requires an accurately directed motor response, we con- 
structed a test in which patients judged which side of a 
transected line was longer without the requirement of a 
limb response. Performances on this task were compared 
with those on line bisection to assess the contribution of 
perceptual dysfunction to line bisection shift. 


PATIENTS AND METHODS 
Patients 


All right-handed patients with acute right-hemisphere stroke 
admitted to the neurology service between September 1990 and 
August 1991 were screened for inclusion. Patients were excluded 
if they had previous strokes, bilateral strokes, severe dementia, or 
other significant prior brain disease. Thirty-four patients were 
included over 12 months (Table). There were 20 men and 14 
women, ranging in age from 30 to 83 years (mean, 60.6 years). 
Testing was done in the first week after stroke onset or as soon 
as the patient demonstrated adequate comprehension and atten- 
tion on a series of pretest tasks (described below). Twelve 
age-matched inpatients on the neurology service with no known 
or suspected brain disease were tested as control subjects. 
Informed consent was obtained from all patients. 


Examination Protocol and Scoring Methods 


Attention and the ability to use a pen were assessed by having 
the patient write the numbers from 1 to 12. Patients unable to 
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*Day indicates day tested after stroke onset; Mtr, motor examination; S, severe deficit; M, mild deficit; N, normal; Gz, gaze preference; VD, left 
visual field defect; HH, homonymous hemianopia; UQ, upper quadrantanopia; VE, left visual extinction score; C, cancellation score (mean relative 
location of cancelled targets); LB, line bisection score (% deviation); LJ, line judgment score; Loc, lesion location; F, frontal; P, parietal; T, temporal; 
O, occipital; L, lentiform nucleus; C, caudate; Th, thalamus; sF, subcortical frontal; plus sign, present; and minus sign, absent. Note, lesion locations 


are listed in order from most- to least-affected areas. 
tTest not applicable or not performed. 
+Hemorrhage. 


perform this task were not tested further. Motor function was 
classified as “severe” (Medical Research Council (MRC) grades 0 
to 3 of either extremity), “mild” (MRC grade 4), or “normal.” Gaze 
preference was graded as present or absent. Visual fields were 
tested by confrontation at 1 meter. Visual extinction was tested in 
patients without field defects using a standard sequence of 10 tri- 
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als incorporating both unilateral and simultaneous bilateral 
stimuli. Patients were asked to “point to the the finger that moves, 
or say ‘both’ if both move.” Stimuli were presented in the follow- 
ing order (R indicates right; L, left; and B, bilateral): R, B; L, L, B; 
R, R, B; L, B. Visual extinction was graded 0 to 4, according to the 
number of bilateral presentations in which the patient reported 
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Fig 1.—Example of a 12-cm left-positioned stimulus from the line judg- 
ment test, with transecting mark deviated 20% off center to the right. One 
side of the horizontal line is red, the other blue (colors not shown). 
Rectangular frame represents the video display. 


only one stimulus. 

The line bisection test consisted of a sequence of six sheets of 
paper, each with one horizontal line 6 or 12 cm in length, printed 
at the left, the right, or the center of the page. Comprehension of 
this task was assessed with the pretest questions, “If you cut a 
piece of string in the middle, how many pieces will there be?” and 
“If you cut exactly in the middle, will the two halves be the same 
length or different?” Patients who responded incorrectly to either 
question were not tested. The six lines were shown consecutively 
with the instructions, “Put a mark exactly in the middle of the 
line.” Percent deviation of the patient’s mark from the true mid- 
point was calculated according to the method of Schenkenberg et 
al.'* Mean percent deviation was determined by averaging the 
results on the six trials. 

The cancellation task used was that of Weintraub and Mesu- 
lam,” consisting of 375 pseudorandomly arrayed capital letters on 
a 20X27-cm (8X 10-inch) rectangular field. Thirty targets (‘A’) ap- 
peared in each half of the array. To assess comprehension of this 
task, the patient was first asked to “circle the ‘A’” in a vertical 
column of six letters on a separate page. The cancellation page was 
then placed in the patient’s midline, with the instructions, “Cir- 
cle all of the ‘A’s’ on this page.” Ten minutes were allowed for task 
completion. The encouragement phrase, “Look over the whole 
page” was given once if the patient stopped working within the 
first several minutes. Performances were scored by calculating the 
mean relative location of the stimuli circled (left edge, — 100; right 
edge, +100). This scoring method provided a numerical measure 
of asymmetry in the performance, which was the dependent 
variable of interest. 


Line Judgment 


Twenty-one of the 34 patients were available for testing on a 
line judgment task, using horizontal lines presented sequentially 
on a computer-operated video screen. Lines were 6 or 12 cm in 
length, transected in the middle or off-center by a short (3 cm) 
vertical line, with one side of the horizontal line colored red and 
the other side blue (Fig 1). A line could be transected to the left 
or right of its center by deviations of 0%, 10%, 20%, or 40%. Lines 
were positioned either in the center, 5 cm left of center, or 5 cm 
right of center on the screen. The video screen was aligned with 
the patient’s midline. The position of the colors, the degree of de- 
viation, and the location of the line on the screen were balanced 
and randomly varied over 96 trials. The patient was asked to say 
“red,” “blue,” or “equal,” depending on which colored segment 
was judged longer. No time limit was imposed on trials. A short 
practice session was provided to ensure understanding of the 
task. 
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A scoring system was devised by assigning points to errors 
made, witha higher point value given for more extreme judgment 
errors. For example, erroneously reporting the right side as longer 
for a line transected 10% to the right of midline was scored +3; 
reporting the right side as longer for a 20%-deviated transection 
was scored +5. The maximum obtainable raw score using this 
system was +114, with positive scores indicating left hemineglect. 
Raw scores were divided by the maximum obtainable (114) and 
multiplied by 100 to yield percent scores on a scale from —100 to 
+100. 


Computed Tomographic Analysis 

Computed tomographic scans were obtained as a routine diag- 
nostic test at the end of the first week after stroke onset. All were 
7.0-mm axial images rotated 10 to 15 degrees above the canth- 
omeatal line. Slices were matched to reference sections from the 
fourth set of templates of Damasio and Damasio,” and lesions 
were traced on computer templates constructed from these refer- 
ence sections. 

To correlate behavioral data with lesion topography, the tem- 
plates of all patients in a particular clinical group (eg, all patients 
who showed a shift on line bisection) were digitally overlapped, 
using image-processing software, to produce a composite image 
of the lesions associated with each clinical pattern. To identify 
brain regions not associated with the behavioral deficit in ques- 
tion, lesions belonging to patients who did not show the deficit 
(eg, lesions of all patients who bisected lines normally) were also 
overlapped. This second composite—areas not associated with 
the deficit—was then subtracted from the first composite. The re- 
sulting “subtractions” revealed brain areas that were both (1) in- 
jured in patients who showed the deficit, and (2) spared in 
patients who did not show the deficit. These were the areas, 
therefore, in which injury was most correlated with the deficit. 


RESULTS 
Patient Groups 


Neurologic control subjects made few errors on the 
hemineglect tests. No control patient showed gaze devia- 
tion or visual extinction. Mean score on the cancellation 
test for the 12 control subjects was 0.4 (SD, 2.0), and mean 
deviation on line bisection was 0.0% (SD, 4.9). Stroke pa- 
tient performances differing by more than 2 SDs from the 
control mean for either of these tasks were classified as ab- 
normal. Three distinct clinical patterns were observed 
among stroke patients: (1) those performing abnormally on 
line bisection, (2) those performing normally on line bisec- 
tion but abnormally on cancellation, and (3) those per- 
forming normally on both tasks (no hemineglect). 


Clinical Tests 


Twenty-one stroke patients demonstrated hemineglect 
(Table). Correlation in this group between cancellation and 
line bisection scores was low (r=.39) and did not differ sig- 
nificantly from zero (two-tailed ¢ test; df, 19). Eleven 
patients performed abnormally on line bisection (Nos. 1 
through 11), but had variable performance on cancellation, 
including two with no cancellation deficit. Ten other 
patients (Nos. 12 through 21) performed normally on the 
line bisection task, but showed hemineglect on the cancel- 
lation task. Figure 2 illustrates the dissociation between 
line bisection and cancellation performances that was ob- 
served in individual cases. Thirteen other stroke patients 
showed no hemineglect on line bisection or cancellation 
(Nos. 22 through 34). Mean age and interval from 
stroke onset to testing are given in the Table for each 
stroke subgroup. No significant differences occurred 
among the three subgroups for these variables (two- 
tailed t tests; df, 1). 
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Fig 2.—Examples of cancellation and line bisection dissociation in two stroke patients. Separate line bisection trials are juxtaposed for display pur- 
poses. Left, Performance of a patient with severe cancellation deficit and normal line bisection (patient 20, Table). Right, Performance of a patient 
with severe line bisection shift and minimal cancellation deficit (patient 2, Table). 


Scores on the line judgment test are provided in the ta- 
ble for the 21 patients tested. Six of eight patients with ab- 
normal shift on line bisection had strongly positive scores 
suggestive of left-sided perceptual neglect (mean, 43.0), 
whereas none of the 13 patients with normal line bisection 
scores had a strikingly positive score (mean, —1.3). Mean 
score on line judgment was significantly greater in patients 
with line bisection deficits than in patients with normal line 
bisection (P<.01, two-tailed t test; df, 19). Significant cor- 
relation was found between the line bisection and line 
judgment scores of patients with neglect (r=.77; P=.0007; 
two-tailed t test; df, 13). 

Eleven of the 21 hemineglect patients had a gaze prefer- 
ence when first evaluated, whereas none of the 13 stroke 
patients without hemineglect did. Gaze preference was 
equally common in the abnormal line bisection (five of 11 
patients) and the abnormal cancellation/normal line bi- 
section (six of 10 patients) hemineglect subgroups. Left 
hemianopic visual deficits were present in five hemine- 
glect patients and in one patient without neglect. Left vi- 
sual extinction was demonstrated in 13 of the 16 remain- 
ing hemineglect patients, but in only one of the 12 
remaining patients without hemineglect. Visual extinction 
was common in the hemineglect patients who did not have 
hemianopia, and did not correlate specifically with line bi- 
section deficits (six of seven patients with line bisection 
deficits; seven of nine without line bisection deficits). 


Clinical Computed Tomographic Correlations 


All patients with abnormal line bisection had injury in- 
volving areas posterior to the Rolandic fissure. These 
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included eight distal middle cerebral artery territory 
lesions and three large posterior cerebral artery territory 
infarcts. The composite lesions over nine brain levels in this 
subgroup are shown in Fig 3, top. In this and subsequent 
figures, areas of overlap between individual patient lesions 
are represented by darker shades of gray, such that the 
darkest grays represent the brain areas most frequently 
injured. Each “step” in this gray scale represents the addi- 
tion of a single patient lesion to the composite. In Fig 3, 
bottom, areas injured in patients performing normally on 
line bisection (n=23) have been subtracted from the first 
composite. The effect of this subtraction is to remove from 
the overlap frontal areas that were injured both in patients 
with line bisection shift and in patients without line bisec- 
tion shift. The area of maximal overlap in Fig 3, bottom, 
includes the inferior parietal lobule (angular gyrus and 
posterior supramarginal gyrus), posterior middle tempo- 
ral gyrus, and anterolateral occipital lobe.*! Less intense 
overlap is seen in the ventral occipitotemporal posterior 
cerebral artery territory. 

Figure 4, top, demonstrates the lesions in the other 
hemineglect subgroup, who showed cancellation deficits 
without line bisection shift. In Fig 4, bottom, areas injured 
in patients who performed normally on cancellation (n=15) 
have been subtracted from the first composite. Lesions as- 
sociated with abnormal cancellation and normal line 
bisection were predominantly anterior to the Rolandic fis- 
sure in every case. Seven patients had frontal lobe infarcts 
and three had large basal ganglia hemorrhages. Figure 4, 
bottom, demonstrates that while putaminal involvement 
was common in patients with abnormal cancellation, 
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Fig 3.—Top, Overlap of lesions in all patients with line bisection shift (cases). Bottom, Subtraction from (top) of areas lesioned in other patients (con- 
trol subjects) without line bisection shift. Gray-scale values refer to the number of lesions (n) involving a given area, where n = (cases — contro! sub- 
jects). 


injury to this area was equally common in patients with- 
out this deficit. The region of maximal overlap in Fig 4, 
bottom, includes the inferior and precentral frontal gyri, 
the frontal white matter underlying these areas, the insula, 
and the head of the caudate nucleus.” 

Lesions in patients without hemineglect are shown in 
Fig 5. Areas injured without causing hemineglect included 
the putamen and corona radiata, medial occipital lobe, 
peri-Rolandic cortex, and superior temporal lobe. 


COMMENT 


This study suggests that patients with neglect may dif- 
fer on routine tests of directed attention. The question 
arises: Do these differences reflect the presence of distinct 
deficits, or merely differences in test sensitivity? The letter 
cancellation task detected abnormalities in more patients 
(n=19) than did the line bisection test (n=11), suggesting 
differences in sensitivity. If line bisection and cancellation 
tasks measure a single phenomenon with different degrees 
of sensitivity, patients with more severe neglect should 
show more severe abnormalities on both tests, while those 
with less neglect should show less abnormal scores on 
both. Instead, however, we found no significant correla- 
tion between scores on the two tests. Some patients in our 
series (Nos. 14, 15, 17, 19, and 20) had severe neglect on the 
target cancellation task, yet showed minimal or no lateral 
shift on line bisection (Fig 2, left). Others (patients 1 
through 3) showed significant line bisection shift with 
minimal or no cancellation defect (Fig 2, right). These dis- 
sociations suggest that neglect may not constitute a single 
disorder. Just as the general term aphasia describes a fam- 


Arch Neurol—Vol 49, November 1992 


ily of related communication disorders, so neglect may 
consist of more than one type of abnormality.” 

Because some patients with line bisection shift also have 
cancellation deficits, we examined the possibility that bi- 
section shift in these patients was related to an underlying 
inability to direct limb movements toward the neglected 
space.'' Could line bisection shift have a motor basis in 
many instances? Results of the line judgment test show 
that when the requirement for a directed limb response is 
removed, the majority of patients with bisection shift still 
misjudge the left side of a horizontal line. We propose that 
in these cases the defect is perceptual in nature, since it 
appears in the absence of a motor response. 

Although we did not establish a cutoff score on the line 
judgment test, patient 19 appeared to have neglect of the 
right side (score, — 18). Ina similar case of ipsilateral neglect 
from a frontal lesion,” it was proposed that frontal injury 
releases the ipsilateral parietal lobe from inhibitory con- 
trol, leading to excessive orientation toward sensory stim- 
uli contralateral to the lesion. Such a mechanism could ex- 
plain the line judgment results in patient 19, who had a 
large frontal lesion. 

Significant line bisection shift was strongly correlated 
with injury in posterior brain regions, although the 
strength of this conclusion depends in part on the validity 
of the procedure used to classify patients. One patient with 
a purely frontal lesion (No. 20), who we classified as nor- 
mal based on a cutoff of 2 SDs from the control mean (ie, 
9.8% deviation from the midpoint or less) had a mean line 
bisection score of 7%. If 1 SD was used to define the nor- 
mal range, patient 20 would represent a case of line bisec- 
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Fig 4.—Top, Overlap of lesions in all patients with cancellation deficits and normal line bisection. Bottom, Subtraction from (top) of areas lesioned 


in other patients without cancellation deficits. 





Fig 5.—Overlap of lesions in all patients without hemineglect. 


tion shift from a frontal lesion (as would patients 15 and 
31). Using this criterion, however, patients 13, 21, 22, and 
32 would all be classified as having right hemineglect. A 
criterion of 1 SD therefore seems too exclusive for this data 
set. 

The suggestion that “perceptual” deficits are associated 
with posterior hemisphere injury is in accord with previ- 
ous accounts of hemineglect. Human cases of neglect from 
large posterior lesions led many early theorists to propose 
that the parietal lobe performs a special role in integrating 
and “synthesizing” sensory information.*** Subsequent 
monkey experiments strengthened this view by demon- 
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strating multimodal sensory extinction after focal parietal 
ablation.** Recent physiologic studies suggest that the in- 
ferior parietal lobule in primates receives highly pro- 
cessed, polymodal sensory information that may mediate 
attentional behavior.” In the model of attention formu- 
lated by Mesulam," the parietal area contributes a percep- 
tual representation of external space to a cortical network 
that also includes the lateral frontal lobe, cingulate cortex, 
and reticular system. 

Despite agreement concerning parietal lobe function in 
attention, little evidence exists to link parietal injury with 
specific perceptual deficits in humans. Nor has it been clear 
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which tasks might adequately measure the “perceptual 
component” of attentional behavior. While some have 
suggested that sensory extinction indicates a perceptual 
defect,'*** prominent sensory extinction and unilateral 
sensory “inattention” have been described after frontal le- 
sions in animals” and in most human cases of frontal ne- 
glect.™”? In our series, seven of nine patients with frontal 
neglect and intact visual fields had visual extinction. 
Extinction in such instances may result from deficits that 
are not primarily perceptual in nature, but instead reflect 
the inability to expect and detect changes in a sequential 
pattern.” 

Previously reported patients with line bisection deficits 
have had large anteroposterior or posterior lesions.'*** One 
patient with a “frontal hematoma breaching the frontal 
horn” showed line bisection shift when tested with very 
long (20- to 60-cm) lines." Rosenberger” found that poste- 
rior injury, but not frontal injury, produced deficits on a 
task involving the perceptual discrimination of short 
(5-cm) perfectly bisected lines. Our bisection and line 
judgment tasks, which used medium-length (6- to 12-cm) 
lines, may have been sensitive to similar deficits in 
perceptual discrimination. Bisection of shorter lines may 
lessen the laterally directed “motor” requirement of the 
task, emphasizing a perceptual comparison across horizon- 
tal space that the cancellation task and many other neglect 
tests do not require. The data of Ishiai et al** show that in 
preparing to bisect a line, subjects fixate immediately on 
the point at which they later place their bisecting mark. 
Thus, judgment of the midpoint is made immediately, 
prior to any eye movements, presumably by a simulta- 
neous comparison of the left and right horizontal extent of 
the line. It may be this simultaneous perceptual compari- 
son for which the parietal lobe is particularly necessary. 
Gainotti et al have reached similar conclusions in stud- 
ies comparing neglect of overlapping and nonoverlap- 
ping figures, stating that “inability to extract informa- 
tion from the left side of the stimuli during single eye 
fixations may be the most characteristic feature of con- 
tralateral neglect .... ” Rather than restrict the defini- 
tion of neglect to this defect alone, we would propose 
that such a deficit typifies the distinct type of neglect 
that follows parietal injury. 

Whereas line bisection shift was strongly associated in 
our series with posterior injury, abnormal cancellation was 
seen in both frontal and posterior brain-injured patients. 
Although the cancellation test alone, therefore, did not 
predict frontal injury, the combination of abnormal can- 
cellation and normal line bisection was always associated 
with a frontal or basal ganglia localization. 

Although hemineglect after frontal lobe lesions has long 
been known from animal and human studies,”~* the 
number of human cases has been small enough in some 
series to result in doubt as to both the importance and the 
distinctiveness of frontal neglect.'®*° Our results confirm 
that patients with isolated frontal lesions frequently show 
severe neglect on a target cancellation task. The cancella- 
tion array used in this study may have been more sensitive 
to frontal injury than were the simpler arrays used in sev- 
eral other studies.'°*°” 

While our data support proposals that the frontal lobe 
plays a role in attentional behavior, the specific nature of 
this role awaits clarification. Previous investigations have 
suggested that the frontal lobe acts in planning and initi- 
ating the overt motor movements subserving atten- 
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tion.*!0'! 141528 Spiers et al’ presented data correlating def- 
icits on a cancellation test with frontal electro encephalo- 
graphic suppression during intracarotid amobarbital in- 
jection. The patient of Daffner et al showed severe 
cancellation deficits, without other signs of neglect, after 
frontal infarction. Yet several studies have shown a higher 
incidence of cancellation deficits after parietal than after — 
frontal brain injury.'°* The cancellation test used in this 
study, although sensitive to frontal injury, did not distin- 
guish frontal from posterior lesion patients. The data of 
Posner et al? suggest that parietal injury can impair the 
ability to disengage attention from a visual locus prior to 
attentional shifts. It is conceivable that such an impairment 
could lead to poor performance on a more complex task 
such as cancellation, which requires repeated shifts of at- 
tention from target to target. The cancellation task, there- 
fore, may be an ineffective tool for demonstrating the es- 
sential nature of frontal injury, since the complexity of the 
task may make it sensitive to impairment at different 
functional levels. 

This study suggests differences between the neuropsy- 
chological profiles of anterior and posterior neglect pa- 
tients. While these data support a multicomponent model 
of attention, a full description of the components compris- 
ing such a model must await further study. It is possible 
that terms such as sensory perception and motor exploration 
do not characterize adequately the elementary features of 
these functional components, and that many of the tasks 
employed thus far to detect component dysfunction, par- 
ticularly dysfunction of the frontal component, are too 
nonspecific. 


This study was supported by the National Institute of Neurologi- 
cal Disorders and Stroke, Bethesda, Md, Clinical Neuroscience Train- 
ing Program grant T32NS07155-13. 
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but what could I do? 
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Migraine is more than a headache. 

Recent research has revealed that migraine 

is a complex, multisymptom disorder of 
neurobiological origin.'* Although various 
theories have been proposed regarding the 
exact physiological mechanism of migraine, 
the practical patient presentation has become 
increasingly clear: headache is only one aspect 
of the total migraine symptom complex. Nausea, 
vomiting, and light and sound sensitivity also 
contribute to the disabling nature of migraine. 
And that disability means people in the 
migraine patient’s world suffer too—family, 
friends, coworkers. 


Current estimates indicate that over 11 million 
Americans suffer from migraine with moderate 
to severe disability’... and the prevalence of 
migraine is on the rise.* Yet, the sad fact is only 
one out of three migraine sufferers is actually 
under a physician’s care.’ Many have resigned 
themselves to coping on their own. 


Fortunately, research may offer 
new hope to migraine sufferers. 
Results of this research have 
given us new 
insights into the 
neurobiological 
basis of migraine ... 
and new hope for 
migraine patients. 
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Flexor Plantar Responses in Children 
With Upper Motor Neuron Lesions 


Joseph C. Marcus, MB, BCh, FCP(SA) 


e The usual plantar response in upper motor neuron lesions 
is extensor. As flexor responses were seen in a number of 
children with these lesions, a formal study was undertaken 
to assess the plantar reflex in affected children. Fifty-seven 
children with spastic cerebral palsy were examined. Ten had 
hemiplegias, so a total of 104 limbs were tested. Eighty-four 
(80.8%) of these had flexor and 12 (11%) had extensor re- 
sponses. Half (3.9%) of the remaining eight responses were 
mute and half were variable. While exceptions to the 
extensor rule are known, this marked predominance of 
flexor responses is unusual. This may be the result of dam- 
age inflicted on the immature nervous system before full 
connections and myelination have been completed. Further 
studies, involving children who have sustained brain dam- 
age at different ages, will be needed to elucidate the vari- 
ous mechanisms involved. 
(Arch Neurol. 1992;49:1198-1199) 


T he sign of Babinski has been called perhaps the most 

famous sign in neurology.'’* There was controversy 
when Babinski described it, and this controversy has con- 
tinued up to now. Numerous alternatives have been 
described, resulting in an epidemic of eponymous signs, 
but Babinski’s sign remains the most effective. 

There has been much argument over what is the normal 
neonatal response. Van Gijn’? listed more than 50 studies 
published during 80 years, individually varying in subject 
numbers from a “few neonates” to 1000 infants. Twenty- 
nine studies said that the normal neonatal response was 
extensor, 12 said it was flexor, and 16 abstained. More re- 
cent studies by Hogan and Milligan* and by Rich et al? fa- 
vored flexion, but Ross et alf found mainly extension, al- 
though they said that flexion occurred frequently enough 
to make the sign unreliable. If the postbirth response is ex- 
tensor, then when does it become the normal adult flexor 
reflex? Again, Van Gijn found the estimates of the change- 
over to vary in different series between 6 months and 12 
years.” 

In the course of examining children with cerebral palsy, 
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I found plantar responses frequently flexor, where I had ex- 
pected to see extension. This prompted the present study. 


PATIENTS AND METHODS 


Fifty-seven children were examined for the study. About half 
were recruited from regular attendees at a cerebral palsy school; 
the remainder were seen in a pediatric neurology clinic, mainly 
for developmental delay, mental retardation, or learning disor- 
ders. Their ages ranged from 6 months to 17 years, with a mean 
of 7 years 11 months. The only selection criteria that excluded 
subjects from the study were neurologic findings (such as dysto- 
nia, athetosis, ataxia, or sensory lesions) that could be complicat- 
ing factors affecting the plantar reflex, or orthopedic abnormali- 
ties (spinal lesions or ankle or foot contractures) that could 
interfere mechanically. All patients appeared to have static 
encephalopathies, most due to prenatal or perinatal causes. There 
was no evidence of progressive or degenerative disease. 

The diagnosis of upper motor neuron lesions was based on 
varying combinations of spasticity and weakness of the affected 
limbs, loss of dexterity, clumsy fine movements, and abnormal 
gaits, typical of these impairments.’ Twenty-nine patients were 
quadriplegic, 10 were diplegic, eight had double hemiplegias, and 
the remaining 10 were equally divided between left and right 
hemiplegias. 

All subjects were examined in the waking state, supine, with the 
head in the midline and slightly flexed. The leg was held semi- 
flexed, with the toes in a neutral position and the heel resting on 
the bed. The stimulus was applied with firm pressure, with the 
use of the pointed end of a Queen Square pediatric reflex ham- 
mer handle or a key. This rested on the ball of the heel initially 
and was then dragged along the lateral side of the sole, finally 
sweeping medially along the balls of the toes. Possible modifica- 
tions of the plantar response by tonic neck reflexes, tight Achilles 
tendon, or plantar grasp or avoiding responses were minimized 
by this method. The initial movement of the toes—plantar flexion 
or dorsiflexion—was noted as the definitive response. 

Tone was assessed by the resistance to passive flexion and ex- 
tension of the legs. Tendon reflexes at the knee and ankle were 
elicited in the standard manner. Because the children had signs 
that were static during a number of years and most were seen in 
a long-term care facility, no brain imaging studies were done. 


RESULTS 


Tendon reflexes were increased in 38 patients, decreased 
in six, and normal in 13 (Table 1). The plantar reflexes elic- 
ited are presented in Table 2. The mixed group showed 
flexion in one foot and extension in the other. Four children 
had one flexor and one mute response each, the latter 
showing neither flexion nor extension. In two cases the re- 
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Reflexes, No. 


Increased Decreased Normal 


Patient Group Total 


Quadriplegia 29 
Diplegia 10 
Hemiplegia 

Double 


L 
R 


Responses, No. 


fe ae s.r a te ee! Y 
Patient Flexor/ 
Group Total Flexor Extensor Mixed Mute 


Quadriplegia 29 
Diplegia 10 


Variable 


Hemiplegia 
Double 
L 
R 


No. of limbs 
tested 104 


*Extensor in the plegic limb, flexor in the normal one. 





sponses were variable, with no consistent responses ob- 
tainable over time. Of the plantar responses, 84 (80.8%) 
were flexor, 12 (11.5%) were extensor, four (3.9%) were 
mute, and four (3.9%) were variable. 


COMMENT 


The normal plantar reflex is flexion, which, physiologi- 
cally, is really part of extension of the leg. An extensor re- 
sponse occurs concomitant with flexion at all leg joints, as 
part of withdrawal from a noxious stimulus.** This is me- 
diated by cocontraction of the extensor hallucis longus with 
the muscles producing the general flexor response.’ It oc- 
curs as a result of loss of corticospinal input, which impairs 
inhibition and appears to allow activation of the extensor 
hallucis longus, a loss of central nervous system economy. 
It also results in changes in the internuncial pool in the adult 
spinal cord, setting up new synaptic pathways.’ 

While there is still dispute over the normal reflex in 
newborns, an extensor response is universally accepted as 
a sign of abnormal function of the corticospinal tract. This 
does not have to be due to structural lesions, but can be 
functional and reversible.” Babinski described it as a 
“perturbation of function of the pyramidal system.” 

Many exceptions to the rule of extensor plantar re- 
sponses with corticospinal lesions have been seen.'”” Ba- 
binski, himself, had a patient with a cord transection who 
had a flexor plantar response.’ 

Immaturity of the nervous system could be responsible 
for the flexor responses in these children. The corticospi- 
nal tract at birth is poorly developed, with myelination 
only commencing to be seen by light microscopy. In addi- 
tion, there are limited synapses on anterior horn and 
internuncial neurons. Thus, the plantar response in 
infants is likely to be purely spinal. It may be that in the 
infant, lack of supraspinal influences means that none of 
the changes seen in the internuncial pool and on anterior 
horn cells in adults occurs, and thus conversion to an ex- 
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tensor plantar response, anticipated after corticospinal 
tract damage, will not result. 

Much of the argument about the plantar response in the 
young concerns the method of eliciting it, rather than its 
physiology. Twitchell" stated that it is a composite of four 
reactions, two (noxious stimulation of the dorsum or ball 
of the foot and the positive supporting reaction) resulting 
in plantar flexion and two (a contact-avoiding response 
and noxious stimulation of the ball of the toes) resulting in 
dorsiflexion. After a few months, the plantar grasp also 
produces plantar flexion. By keeping the stimulus sta- 
tionary on the ball of the foot initially in this study, I 
avoided eliciting the positive support® and contact- 
avoiding responses. The movement of the toe was often 
seen before the stimulus (which was never applied medi- 
ally) reached the middle of the foot, so the plantar grasp 
did not play a part. 

Another possible factor, mentioned by Van Gijn,’ is see- 
ing the expected finding. In his study, nonexistent exten- 
sor responses were diagnosed by neurologists from films 
of patients in whom it was thought that responses should 
be extensor. The neurologists’ minds had decided which 
way the toe would travel before they saw the actual 
response. Landau and Clare? pointed out, “It is curious that 
neurologists who expect and accept such phenomena as 
cerebral tumors without headache or seizures, and in- 
creased intracranial pressure without papilledema require 
absolute constancy in the behavior of the pathophysiolog- 
ical reflex preparation.” 

The obverse to the question of when the normal infant 
plantar reflex becomes flexor is at what age the pathologic 
response will be extensor. If it is a question of maturation, 
adequate myelination and synapse formation should be 
present at about 1 year for this to occur. Of the four chil- 
dren in this series who were affected at a later age, three 
had flexor plantar responses and one had an extensor re- 
sponse. Three suffered the insults at 1/2 years of age and 
one at 2⁄2 years. It appears that more study of the plantar 
reflex will be needed before all of its pathophysiologic 
characteristics can be completely determined. 


I wish to thank Nancy Glass, United Cerebral Palsy of Queens, NY, 
for her great help and cooperation, and Gracy George for typing the 
manuscript. 
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Acute Intracranial Lesions and Respiratory 
Sinus Arrhythmia 


Jeffrey I. Frank, MD; Allan H. Ropper, MD; Gonzalo Zuñiga, MD 


e We studied the effects of acute intracranial lesions on 
the respiratory sinus arrhythmia (RSA) with the use of 
computerized measurements of the ratio of expiratory to 
inspiratory R-R intervals. The RSA was reduced below 
the 95th percentile for age in 20 of 27 patients, an 
average of 2 days after an acute event. Only four pa- 
tients, without neurological deficits, had a normal RSA. 
Two patients, with signs of secondary brain-stem com- 
pression from a mass, had an increased RSA, without the 
bradycardia that is usually associated with Cushing’s re- 
‘sponse. Twenty-three patients had their respiratory rate 
controlled by positive pressure ventilation during testing, 
and our preliminary findings suggested that this was not 
responsible for reducing the RSA. Acute intracranial le- 
sions cause a diminished RSA, perhaps by reducing su- 
pratentorial influences on vagal cardioinhibitory activity. 
In contrast, once signs of secondary brain-stem compres- 
sion occur, the RSA is greatly increased while the heart 
rate remains unchanged, offering a possible method of 
noninvasive monitoring for this complication. 
(Arch Neurol. 1992;49:1 200-1203) 


C hanges in tonic vagal cardioinhibition during the res- 

piratory cycle cause oscillations in the heart period, 
ie, the respiratory sinus arrhythmia (RSA). Inhibition of 
vagal output from the dorsal brain stem is induced by 
pulmonary stretch, resulting in acceleration of the heart 
rate during inspiration and deceleration during expira- 
tion.'!* The amplitude of the RSA is a more accurate reflec- 
tion than the heart rate of vagal efferent output, since the 
rate is affected by diverse neural, humoral, and hemody- 
namic factors.** 

One extreme of increased vagal tone is the bradycar- 
dia of Cushing’s response that is observed with acute 
distortion of the brain stem. Bradycardia occurs too 
infrequently, however, to be a consistent sign of in- 
creased vagal tone with acute intracranial masses. As a 
more accurate reflection than the heart rate of vagal 
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output, the RSA may be a more sensitive monitor for 
brain tissue shifts or raised pressure in the posterior 
fossa. These considerations, and our anecdotal observa- 
tions in a neurological intensive care unit that the heart 
rate variation was diminished in patients with acute 
hemispheric lesions, led us to study the RSA systemat- 
ically in patients with acute brain lesions. The need to 
control ventilation in many unresponsive or uncoopera- 
tive patients required that we use positive pressure ven- 
tilation to synchronize breathing. 


PATIENTS AND METHODS 


Patients were chosen for study with acute hemispheric lesions 
if they could cooperate for controlled deep breathing (four 
patients) or could have ventilation controlled by positive pressure 
mechanical ventilation (23 patients). Patients who were ventilated 
mechanically did not breathe above the imposed rate, and there- 
fore, they did not require medications for sedation or paralysis. 
History, examination, imaging studies, and therapy were re- 
viewed and recorded prospectively. Since the study involved ab- 
straction of monitoring information that was already part of each 
patient’s care in the intensive care unit, informed consent was not 
required. 

A microcomputer measured the ratio of the longest electrocar- 
diographic R-R interval during expiration (E) to the shortest R-R 
interval during inspiration (I) (to the nearest millisecond), aver- 
aged throughout six consecutive 10-second respiratory cycles. 
The inspiratory and expiratory times of the measured respiratory 
cycles were each 5 seconds. The respiratory rate in patients who 
were being treated with mechanical ventilation was controlled by 
an Ambu bag during testing, to synchronize breathing with a mi- 
crocomputer. The electrocardiogram was reviewed to eliminate 
ectopic beats from analysis. The E-I ratios were compared with 
age-matched norms." 

Twenty-seven patients (13 men and 14 women) were studied. 
Their average age was 50 years (age range, 17 to 77 years). Test- 
ing was performed from 6 hours to 9 days after the acute neuro- 
logical event (mean, day 2). The intracranial lesions included pa- 
renchymal hematoma (n=4), subdural hematoma (n=2), epidural 
hematoma (n=1), aneurysmal subarachnoid hemorrhage (n=6 
[one with hematoma and three with intraventricular hemorrhage 
and hydrocephalus]), contusions (n=9 [one with subdural he- 
matoma]), infarction (n=3), and tumor excision (n=2). The lesions 
were bilateral in 14 patients and unilateral in 13 (Table 1). Vaso- 
active medications that were used at the time of study included 
sodium nitroprusside in six patients (Table 1, Nos. 7, 11, 13, 19, 
20, and 22), nitroglycerin in three patients (Table 1, Nos. 8, 10, and 
20), dopamine hydrochloride in two patients (Table 1, Nos. 10 
and 15), B-blockers in four patients (Table 1, Nos. 6, 7, 10, and 


Lesions and Arrhythmia—Frank et al 


Table 1.—E-I Ratios in Patients With Acute Intracranial Mass Lesions* 


E-I 


Patient LOC Lesion(s) Ratio 


Alertt SDH 

Alertt SAH 

Alertt Evacuated EDH 

Alertt Parenchymal hemorrhage 
Alert Parenchymal hemorrhage 
Alert Parenchymal hemorrhage 
Alert Neoplasm excision 
Drowsy Contusions 


Drowsy Infarction 


— 
O O O N OU A U N = 


Neoplasm excision 
Contusions, SDH 


Drowsy 


— 
— 


Drowsy 
Stupor Contusions 
Stupor Contusions 
Stupor Contusions 
Stupor Contusions 
Stupor Contusions 
Stupor Infarction 


Stupor Infarction 


12 
13 
14 
15 
16 
17 
18 
19 


Parenchymal hemorrhage 
Stupor Hydrocephalus, SAH, IVH 
Stupor SAH 


Contusions 


Stupor 


NM N N 
V = © 


Coma 


N 
W 


Contusions 

Hematoma, SAH 
Hydrocephalus, SAH, IVH 
Coma Hydrocephalus, SAH, IVH 
Coma SDH 


Coma 


MN 
+ 


Coma 


N 
VI 


Coma 


N N 
N “Oy 


Age, y 


E-I Age-Matched Ratio, 


Lower 95th Percentile Medication(s) 


Phenylephrine hydrochloride 


B-Blocker 
Sodium nitroprusside, B-blocker 


Nitroglycerin 


Nitroglycerin, dopamine B-blocker 
Sodium nitroprusside 
8-Blocker 


Sodium nitroprusside 


Dopamine hydrochloride 


Sodium nitroprusside 
Sodium nitroprusside, nitroglycerin 
Phenylephrine 


Sodium nitroprusside 





*E-| indicates expiration-inspiration; LOC, level of consciousness; SDH, subdural hematoma; SAH, subarachnoid hemorrhage; EDH, epidural he- 


matoma; and IVH, intraventricular hemorrhage. 
tThese patients had no gross neurological deficits. 


12), and phenylephrine hydrochloride in two patients (Table 1, 
Nos. 2 and 21). 


RESULTS 
Acute Intracranial Lesions and RSA 


Twenty of 27 patients had a diminished RSA, with E-I 
ratios below the lower 95th percentile for age (group 
~ mean+SD E-I ratio=1.08+0.14, normal mean=1.36, t=7.0, 
P<.001 [Table 1, Figure). The patients without neurologi- 
cal deficits had a normal RSA, and one patient, described 
below, had an increased RSA. Two others had RSAs above 
the lower 95th percentile. The level of consciousness, type 
of lesion, and heart rate did not correlate with RSA 
depression. The diminished RSA remained significant 
when patients who were receiving vasoactive medications 
(group mean+SD E-I ratio=1.12+0.18, normal mean=1.30, 
t=3.1, P<.01) were analyzed separately from those who 
were not receiving vasoactive medications (group 
mean=+SD E-I ratio=1.04+0.06, normal mean=1.37, t=4.5, 
P<.001). 

A ventilated patient with myasthenia gravis (Table 1, 
No. 9) had a normal baseline RSA (E-I ratio=1.15, measured 
as part of another study) that became abnormally low (E-I 
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ratio=1.05) when it was tested 6 hours after a large middle 
cerebral artery territory infarction. 


Intracranial Pressure (ICP) and RSA 


Intracranial pressure was monitored during RSA testing 
in eight patients (Table 2, Nos. 12, 15, 20 through 23, 25, and 
26). The mean+SD ICP at the time of RSA testing was 15+6 
mm Hg (Table 2). There was no correlation between the 
ICP and degree of RSA attenuation for this group, but this 
was not studied serially in individual patients. A patient 
with clinical signs of secondary brain-stem compression 
from traumatic cerebral edema (Table 2, No. 27) had a 
greatly exaggerated RSA (E-I ratio=1.73, control E-I ra- 
tio=1.20) with a normal heart rate (ie, 70 beats per minute). 
Another patient with a lobar hematoma (Table 1, No. 5) 
initially had a diminished RSA (E-I ratio=1.03) that in- 
creased (E-I ratio=1.12) as soon as the clinical signs of 
brain-stem compression appeared. When the clinical diag- 
nosis of brain death was established in these two patients, 
there was no detectable RSA (E-I ratio=1.00); this finding was 
similar to that in two other patients who were clinically brain 
dead at admission and therefore not included in the study. 
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10 20 30 40 50 60 70 80 
Age, y 


Expiration-inspiration (E-I) ratios in 27 patients with acute intracranial 
lesions (circles). Normal upper and lower 95th percentiles are repre- 
sented by the upper and lower dashed lines, respectively.’ 


E-I Ratio 
Difference 
(Patient’s— 
Control’s) 


ICP, Patient’s E-I 
mm Hg Ratio 


Age-Matched 


Patient E-I Ratiot 





*E-| indicates expiration-inspiration; ICP, intracranial pressure. 
tValues are given as means. 


COMMENT 


We found that (1) acute hemispheric lesions that are as- 
sociated with neurological deficits caused a diminished 
RSA, and (2) the RSA increased during progressive brain- 
stem compression from a supratentorial mass. The com- 
plete loss of respiratory variation in the heart rate with 
brain death was an expected, derivative finding. 

Although many neurologically mediated cardiac ar- 
rhythmias and electrocardiographic abnormalities have 
been described with acute central nervous system lesions,° 
the effects of acute brain lesions on the RSA have not been 
well studied. One early report of sinus arrhythmia with 
central lesions’ found that eight comatose patients had a 
“complete absence” of heart period variation, but their re- 
sults were not qualified and clinical details were lacking. 

Our finding that the RSA was diminished in patients 
with acute hemispheric lesions may reflect the loss of a su- 
pratentorial excitatory influence on vagal cardioinhibitory 
activity. In experimental animals, stimulation of the ante- 
rior hypothalamic region, preoptic region, orbitofrontal 
cortex region, and insular cortex region causes bradycar- 
dia and hypotension.” Disruption of the connections be- 
tween these excitatory regions and brain-stem vagal car- 
dioinhibitory neurons was a potential mechanism for the 
diminished RSA in our patients. 

A qualitative study that used a fetal heart rate monitor 
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found reduced heart rate variability, not further quanti- 
fied, in 10 patients with acute intracranial lesions; many of 
these patients had an increased ICP.” Heart rate variability 
returned with “restoration of cerebral function” rather 
than with normalization of the ICP. We found no correla- 
tion between ICP and the degree of RSA attenuation in 
eight patients who had ICP monitoring, but the ICP was 
within a “normal range” in all but three patients, and none 
were studied serially to determine if the RSA increased as 
the ICP rose. 

The relationship between the RSA and ICP is complex 
because our patients showed that the clinical signs of sec- 
ondary brain-stem compression, not a raised ICP alone, 
increased the RSA. The precise mechanism of Cushing's 
bradycardia is not understood, but several investigators, 
including Cushing and others,'*'* hypothesized that it was 
due to medullary ischemia. It is now recognized that a 
raised ICP causes Cushing’s response indirectly through 
mechanosensitive areas in the dorsomedial medulla.'*'° In 
our patients, exaggeration of the RSA with secondary 
brain-stem compression may have been caused by direct 
mechanical distortion of brain-stem cardiovascular modu- 
latory centers, similar to the increased vagal tone and 
bradycardia that are seen with Cushing's response. 

As a statement of vagal efferent output, an increased 
RSA can be accompanied by bradycardia. The increased 
RSA in our patients with brain-stem compression occurred 
without bradycardia, suggesting that an increased vagal 
tone exaggerated the RSA before it affected the heart rate 
or that the influence of pulmonary stretch afferents on va- 
gal tone was enhanced. Another explanation of the lack of 
accompaniment of an increased RSA with bradycardia in 
our patients, and the rarity of Cushing’s bradycardia in 
general, is that the initially diminished vagal tone caused 
by hemispheric lesions, and the many nonvagal influences 
that tend to increase heart rate (heightened sympathetic 
tone) in patients with acute central lesions, limit the devel- 
opment and severity of heart rate slowing. 

Autonomic changes, when present, often occur early in 
the course of acute brain lesions. The frequent occurrence 
of hypertension and the rarity and unpredictability of 
bradycardia preclude their clinical utility as a method to 
monitor for brain tissue shifts. However, continuous RSA 
monitoring is worthy of further investigation as one 
method for early detection of brain tissue shifts as an ad- 
junct to careful serial neurological examinations. 

The effect of positive pressure ventilation on the RSA is 
unknown, and 23 of 27 patients in our group had con- 
trolled mechanical ventilation to allow synchronization 
with E-I recording. Although one study of five patients 
found that pressure lung inflation did not change heart 
rate,” anesthesia, known to eliminate the RSA,'* was used. 
Our observations indicate that positive pressure ventila- 
tion alone did not obliterate RSA, since a patient with my- 
asthenia gravis (Table 1, No. 9) and others with Guillain- 
Barré syndrome (not part of this study) had a normal RSA 
on positive pressure ventilators. Vasoactive medications 
may also affect vagal cardioinhibitory activity,"’*° but the 
RSA in our patients who received these medications did 
not differ from those who did not receive such medica- 
tions. 


We thank all of the nurses and respiratory therapists in the 
Neuromedical/ Neurosurgical Intensive Care Unit at Massachusetts 
General Hospital, Boston, for their cooperation and assistance with 
this study. 
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The Familial Occurrence of Parkinson’s Disease 


Lack of Evidence for Maternal Inheritance 


Richard M. Zweig, MD; Anu Singh; Joseph E. Cardillo, PhD; J. William Langston, MD 


e A questionnaire concerning the occurrence of Parkin- 
son’s disease in parents was administered for 252 patients 
with Parkinson’s disease. Eleven fathers and five mothers of 
patients were reported to also have had this disease. These 
data fail to provide support for the hypothesis that Parkin- 
son’s disease is the result of maternal inheritance of an ab- 
normal mitochondrial gene. This conclusion is further sup- 
ported by a review of similar studies in the literature and an 
additional unpublished study, which revealed that of 922 
patients with this disease, 37 fathers and 19 mothers were 
reportedly affected. 
(Arch Neurol. 1992;49:1205-1207) 


T he role of genetic factors in the pathogenesis of Parkin- 

son’s disease is unclear.'* Although there is a low 
concordance of this disease among twins and the reported 
prevalence in identical and fraternal twins is similar,” too 
few cases have been studied to statistically exclude a ge- 
netic (Mendelian) predisposition.’ Moreover, Mendelian 
factors appear to be involved in at least a few families with 
this disease.'* Recently, however, interest has focused on 
the possibility that a genetic predisposition for this disease 
may be transmitted through non-Mendelian mechanisms, 
ie, mitochondrial inheritance.*® Mitochondrial DNA is in- 
herited exclusively through the maternal line; different 
mitochondrial phenotypes in monozygotic twins can occur 
because of random segregation of heteroplasmic mito- 
chondrial DNA from the ovum.’ 

Several studies indicate that a deficiency of the mito- 
chondrial protein complex I (NADH: ubiquinone oxi- 
doreductase) occurs in individuals with Parkinson’s dis- 
ease.” A metabolite of 1-methyl-4-phenyl-1,2,3,6- 
tetrahydropyridine, a toxicant that causes parkinsonism in 
humans (and in experimental animals) and pathological 
changes in the brain similar to those found in naturally oc- 
curring Parkinson's disease,’ has also been demonstrated 
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to inhibit this protein complex." In addition to the major- 
ity of peptides encoded by nuclear DNA, complex 1 
includes several peptides encoded by mitochondrial DNA. 
If inheritance of an abnormal mitochondrial gene encoding 
a complex 1 peptide is a common factor in the pathogen- 
esis of Parkinson's disease, then the ratio of occurrence of 
this disease in fathers compared with mothers of patients 
should be less than the male-to-female ratio of disease oc- 
currence among the general population. 

The purpose of this study was to screen a relatively large 
population of patients with the clinical diagnosis of 
Parkinson’s disease in an attempt to detect evidence of 
maternal inheritance. 


PATIENTS AND METHODS 


This investigation consisted of a short questionnaire that was 
administered in person or by telephone. Patients studied included 
all available individuals with the clinical diagnosis of Parkinson’s 
disease seen within an approximately 4-month period at the Cal- 
ifornia Parkinson's Foundation, San Jose (n=145) or followed up 
by members of the Neurology Division, University of Nevada 
School of Medicine, Reno (n=86). Additional patients (n=21) were 
provided by contributing community neurologists (Reno). All but 
10 of the questionnaires were administered by one of two inves- 
tigators (R.Z. and A.S.). Many of the patients were followed up 
in a movement disorders clinic at the Veterans Affairs Hospital 
in Reno. Thus, the sample of patients is biased toward men. Pa- 
tients’ parents were not examined. All patients were diagnosed as 
having Parkinson’s disease by experienced neurologists; patients 
with atypical clinical features (eg, down or horizontal gaze pare- 
sis or cerebellar findings) were not included. Parents were clas- 
sified as probable disease, no disease, or unknown. Descriptions 
of parents were conservatively evaluated; those with tremor but 
without other features of this disease were not considered to have 
probable Parkinson’s disease. Additional information collected 
included age and sex of patients, duration of illness, approximate 
age of parents at the time when the questionnaire was adminis- 
tered (or at death of a parent), and approximate duration of ill- 
ness in those parents identified as having probable Parkinson’s 
disease. 

As a second step of this study, we combined the results of our 
questionnaire with results from previous studies'''? and other 
data (Roger C. Duvoisin, MD, unpublished data, 1978) for addi- 
tional analysis. 


RESULTS 


We studied 252 individuals with Parkinson’s disease; 
179 were men (mean age, 68.7 years ) and 73 were women 
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- Table 1.—Questionnaire Results* 


_ All Parents Parents >50 Years Oldt 


-164/494§=3.2% of parents 16/436=3.7% of parents 


had PD had PD 
5/249=2.0% of mothers 5/229=2.2% of mothers 
had PD had PD 
11/245=4.5% of fathers 11/207=5.3% of fathers 


had PD had PD 





*The mean age/duration of patients with affected parents: 71.5/5.3 
years; mean age/duration of parents with Parkinson’s disease (PD): 
76.1/10.5 years. 

tAge when questionnaire was administered or at death. 

Includes all with probable disease. 

§Includes all with probable or no disease. 


(mean age, 68.5 years). Approximately 80% of the ques- 
tionnaires were answered by the patients themselves. The 
remainder were answered by spouses or other family 
members. Mean duration of disease was 7.5 years (men, 
7.7; women, 6.9). The mean age of patients’ mothers living 
beyond age 50 years was 78.4 years; the mean age of fathers 
older than 50 years was 74.6. As indicated in Table 1, 3.2% 
of these patients’ parents (3.7% of parents >50 years old) 
were reported to have had probable Parkinson’s disease. 
None of the affected parents was alive when the question- 
naire was administered. Parkinson’s disease was identified 
more often among fathers of patients (5.3% of fathers >50 
years old) than among mothers of patients (2.2% of moth- 
ers >50 years old)—x’, 3.01; df, 1; n=436, P=.08. For 
patients, the calculated age at disease onset (age minus 
duration) was slightly greater in those reporting parents 
with Parkinson’s disease (66.2) as well as in the parents 
(65.6), than the mean age at onset for all patients with this 
disease (61.1). 

Two previously reported studies used conservative di- 
agnostic criteria to evaluate the occurrence of Parkinson’s 
disease in parents of patients with this disease. Campanella 
et al'' reported nine affected fathers and only one affected 
mother from a series of 336 patients with Parkinson’s dis- 
ease. Martin et al”? identified seven affected fathers and 
eight affected mothers from a series of 110 patients. In a 
retrospective and unpublished analysis of the charts of 207 
patients with this disease followed up personally by Roger 
Duvoisin (personal communication), 10 fathers and five 
mothers with Parkinson’s disease were identified (conser- 
vatively defined). Pooled data from all four studies, 
including the current one, indicate that of 922 patients, 37 
fathers and 19 mothers reportedly had Parkinson’s disease 
(x2, 5.79; df, 1; n=56; P<.02) (Table 2). This 1.95 male-to- 
female ratio in affected parents equals the upper 90% con- 
fidence bound for a male-to-female ratio in the general 
population of 1.1. Thus, the hypothesis that the male-to- 
female ratio of Parkinson’s disease is lower in parents of 
patients with this disease than in the general population 
can be rejected (at P<.05) for a population male-to-female 
ratio of 1.1 or less. 


COMMENT 


The results of this study fail to provide evidence 
supporting the hypothesis that maternal inheritance of ab- 
normal mitochondrial DNA is a common factor in the 
pathogenesis of Parkinson’s disease. Although many, but 
not all, unbiased prevalence studies indicate a greater 
prevalence of this disease in men than in women, the 2.4 
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Table 2.—Pooled Data From Four Studies | 












Affected Affected 
Source, y Patients Mothers Fathers 
Campanella et al,'' 1984 336 1 9 


Martin et al,'* 1973 127 8 7 
Roger C. Duvoisin 

(unpublished data, 1978) 208 5 10 
Present study 252 


Total 


*\?, 5.79; df, 1; n=56; P<.02 (when compared with number of 
affected mothers). 


father-to-mother ratio of Parkinson’s disease in parents 
older than 50 years from this study is greater than the 
male-to-female ratio among most populations studied.'*"* 
The same conclusion applies to the 1.95 ratio in all fathers 
vs mothers of patients after we combined our results with 
data from Campanella et al,'’ Martin et al,'* and Duvoisin 
(unpublished data). Presuming a male-to-female ratio of 
Parkinson’s disease in the general population of more than 
1.1, the pooled data do not statistically exclude the possi- 
bility of a small maternal effect; however, the analysis from 
which the 1.1 ratio was derived did not take into account 
the larger number of mothers than fathers living beyond 
age 50 years or the older age of mothers compared with 
fathers found in the current study and presumably the case 
for the other studies (data not available). Thus, it is likely 
that more fathers than mothers died of other causes prior 
to the onset of Parkinson's disease. While it is possible that 
some individuals may have had subclinical disease, our 
inability to recognize subclinical Parkinson’s disease pre- 
sumably applies equally to fathers and mothers. 

One potential source of error in this study, as well as in 
the studies by Campanella et al," Martin et al, and Du- 
voisin (unpublished data), is the fact that affected parents 
were not examined. Duvoisin has suggested that at least 
50% of relatives reported to have Parkinson’s disease, 
when examined, have essential tremor or some other dis- 
ease.” However, in an attempt to minimize this error, di- 
agnostic criteria used in all four of these studies excluded 
parents with isolated tremor or with a history believed to 
be most consistent with essential tremor." 

The results of this study do not exclude the possibility 
that occasional cases of Parkinson’s disease might result 
from maternal inheritance of an abnormal mitochondrial 
gene. In a study evaluating patterns of occurrence of Par- 
kinson’s disease in nonparental maternal vs paternal rel- 
atives with the disease, Young et al’ found no overall ev- 
idence of maternal inheritance but did describe a single 
family with maternal inheritance over four generations. 
Campanella et al'' and Maraganore et al'® also evaluated 
the occurrence of Parkinson's disease in nonparental rela- 
tives and we asked our patients about the occurrence of 
this disease in other family members."° These studies also 
failed to demonstrate statistical evidence of maternal 
inheritance. 

The cause of the mitochondrial complex 1 deficiency that 
has been reported in Parkinson’s disease remains un- 
known. This deficiency may be acquired, but other possi- 
bilities, not addressed in this study, include inheritance of 
an abnormal peptide encoded by nuclear DNA or a con- 
genital mutation of mitochondrial DNA. 

Our data, analyzed both independently and in combi- 
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nation with similar studies from the literature and an ad- 
ditional unpublished study, fail to provide evidence indi- 
cating maternal transmission of Parkinson’s disease. This 
finding argues against the hypotheses that mitochondrial 
inheritance has a common role in the pathogenesis of this 
disease or contributes to the mitochondrial complex 1 de- 
ficiency that has been reported in Parkinson’s disease. 
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A one year fellowship beginning July 
1st, 1993 is available at the 


Neurobehavior and Alzheimer's 
Disease Center of Beth Israel Medical 
Center (New York City). This 
program offers clinical experience 
with a diversity of patients with 
Neurobehavioral and 
Neuropsychiatric disorders 
including stroke, head injury, 
dementia and other conditions. 
Research in neglect, aphasia, and 
PET/SPECT scanning is emphasized. 
Candidates should be BE/BC in 
Neurology or Psychiatry. Interested 
candidates should submit CV to: 


Dr. Todd E. Feinberg, Neurobehavior 
and Alzheimer's Disease Center, 
Beth Israel Medical Center, 317 East 
17th St., New York, NY 10003 
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AMA 
MANUAL OF STYLE 


The one to consult 


hether it’s a multi-volume work or 
a short article, you’ll find the write 
stuff in the AMA Manual of Style. 

This 8th Edition, a major revision, is the 
standard among medical publishers. All 
major aspects of manuscript preparation are 
covered in five sections which outline: 

e Preparing an article for publication 

e Style e Terminology + Measurement and 
Quantitation è Technical Information and 
Bibliography. 

You'll find everything you need to make 
your article a success including: è Legal and 
Ethical Matters e Grammar e Punctuation 
e Word Use e Foreign Words and Phrases 
e Diacritics e Abbreviations ¢ Units of 
Measure e Numbers and Percentages 
e Mathematics è Statistics e Production and 
Printing Terms e Editing and Proofreading 
Marks è Eponyms ¢ Nomenclature è Greek 
Alphabet è Virus Names eè SI Units and 
Conversion Tables ¢ Expanded Collection 
of Graphs and Charts è Bibliography 


e Resources for On-Line Databases. 


Next time you have a question about 
making your medical writing more clear, 
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concise and accurate, be ready with one 
simple answer — the AMA Manual of 
Style. Order your copy today! 


1988/377 pp/ 4351-X/$28.95 


Want it faster? Call FREE 


1-800-638-0672 from anywhere in the 
US. 


— a EAE E 


Mail Coupon to: 
Williams & Wilkins 
428 East Preston Street 
Baltimore, MD 21202 


Yes, send me ___ copies of AMA 

Manual of Style (4351-X) at $28.95 per 
copy. If not completely satisfied, | may return 
the book within 30 days at no further obliga- 
tion (US only). 


Payment Options 
Save postage and handling charges by 
enclosing your payment. 


O Check enclosed O Bilme O VISA 
O MasterCard O American Express 


Card # Exp. Date 


Signature/P.O. # 
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cities. Outstanding opportunity for BC/BE neurologist 
to join a successful, unique, two specialty group of 
four neurologists and three physiatrists in Green Bay, 
Wisconsin. This well established practice includes a 
full spectrum of adult neurology with complete 
neurodiagnostic and imaging services. Background in 
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plus benefits and incentives with full partnership 
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EMERALD COAST: The Medical Center Clinic, a 
140-physician multi-specialty physician owned 
regional referral center, is seeking a BE/BC 
neurologist to join our busy six-person Neurology 
Department. Specialty interest, particularly in neuro- 
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Partnership status available after two years. Oshkosh 
is an attractive community of 55,000 people, located 
on the shores of Lake Winnebago and in the heart of 
Wisconsin's beautiful Fox River Valley (metro 
population of 400,000). University of 12,000 students. 
Send CV to: Christopher Kashnig, Mercy Medical 
Center, 631 Hazel Street, Oshkosh, WI 54902. Or call 
(414) 236-2430 or (800) 242-5650, Extension 2430. 
FAX (414) 231-5677. 


EXCELLENT OPPORTUNITY in growing academic 
neurology department for energetic BC/BE 
neurologist with expertise in neuromuscular disease 
and EMG. Direct the EMG lab in a busy academic 
hospital with up to 100 EMG's per month, affiliated 
with Muscular Dystrophy clinic. Take an active role in 
teaching neurology residents and students. Time and 
opportunity to develop research and Clinical interests 
with salary commensurate with experience. Send CV 
and letters of reference to: John M. Bertoni, MD, 
PhD, Chairman of Neurology, Creighton University, 
601 North 30th Street, Omaha, NE 68131-2197. 
(402) 280-4686. Equal Opportunity Employer. 


PEDIATRIC NEUROLOGIST: BC/BE pediatric 
neurologist to join established, 120-physician multi- 
specialty clinic located in beautiful northwest 
Arkansas. Holt-Krock Clinic, the 28th largest free- 
standing clinic in the nation, serves a patient base of 
400,000 in Arkansas and Oklahoma. No other 
pediatric neurologist within 100-mile radius. We offer 
a guaranteed salary with full partnership in 2 to 21/2 
years, plus excellent fringe benefits. 680-bed hospital 
and new rehab hospital two blocks from main clinic. 
Must be willing to share call with adult neurologist, do 
testing consisting of EEG, EMG, evoked response, 
and cervical vascular ultrasound procedures. For 
details regarding this opportunity, send letter and CV 
to: Josephine Decker, Associate Administrator, Holt- 
Krock Clinic, 1500 Dodson Avenue, Fort Smith, AR 
72901. (501) 782-2071. 


BC/BE NEUROLOGIST to join a private group of 
neurologists and neurosurgeons in western Mas- 
sachusetts who are affiliated with Tufts Medical 
School. Subspecialty fellowship training preferred. 
Send CV to: Michael R. Sorrell, MD, 80 Congress 
Street, Springfield, MA 01104. 








Professional Opportunities 


CHARLOTTE, NORTH CAROLINA: Neurologist 
BC/BE with interest or experience in neurorehab- 
ilitation to join three person group emphasizing 
general neurology, general rehabilitation, and pain 
rehabilitation programs. Respond with CV to: 
Ronald C. Demas, MD, 2115 East 7th Street, 
Charlotte, NC 28204. Or call (704) 372-3714. 


EPILEPTOLOGIST — The Comprehensive Epilepsy 
Care Center for Children and Adults is seeking an 
additional adult or pediatric epileptologist. The 
program includes an eight bed epilepsy monitoring 
unit, seizure Surgery, and drug studies, as well as an 
active clinical practice. Fellowship required. Send CV 
to: William E. Rosenfeld, MD, Director, 222 South 
Woods Mill Road, Suite 610 N, St. Louis, MO 63017. 
Telephone: (314) 453-9300. 


FLORIDA-ORLANDO-DAYTONA AREA: BC/BE 
neurologist needed to join two progressive board- 
certified neurologists. The practice is growing and 
expanding. Excellent salary. Opportunities for 
personal growth and family enjoyment in a medium 
sized city with private highly rated four year college. 
Close to Orlando and Daytona. EEG, EMG/NCV/EP 
training and skill required. If you are seeking an 
academic approach to clinical neurology in a private 
practice setting, this is an excellent opportunity. 
Compensation commensurate with skill and 
motivation. Reply to: Box #852 c/o AON. 





RONEN a 


Excellent opportunity for BE/BC 
neurologist with experience in 
EEG, EMG, and EP to join well 
established multi-specialty 
group of 270 physicians. 
Modern and well-equipped 205- 
bed hospital with full diagnos- 
tic facilities, including MRI. 
Kaiser Permanente, Hawaii's 
oldest and largest HMO, offers 
competitive salaries and a com- 
prehensive benefit package 
which includes medical, dental, 
retirement, profit sharing, mov- 


ing allowance, and malpractice 
coverage. Live in paradise sur- 
rounded with spectacular 
beaches and an exceptional 
climate all year round. Enjoy an 
abundance of outdoor and 
water activities. 


Please send CV to: 


Hawaii Permanente 
Medical Group Inc 
3288 Moanalua Road, 
Honolulu, HI 96819 


| An Equal Opportunity Employer. | 
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Professional Opportunities 


NEUROLOGIST: Excellent opportunity for board- 


certified/board-eligible neurologists to join two 
existing neurologists in a stimulating, busy practice. 
Marquette General Hospital is a 397-bed regional 
referral center, with a comprehensive neurophsi- 
ology department and state-of-the-art technology 
that includes magnetic resonance imaging and CT 
scanning, and a hospital-based family practice 
residency. Medical students from Michigan State 
University's College of Human Medicine are regu- 
larly assigned to the hospital and offer an opportuni- 
ty for teaching. Marquette General Hospital and its 
medical staff are committed to building a center of 
excellence in the neurosciences and have the 
necessary financial resources. The development of 
these services will require the leadership and co- 
operation of physicians in the field of neurology, 
neurosurgery, psychiatry, physical medicine and 
rehabilitation. Salaried and private practice positions 
are available. If this special opportunity is of interest 
to you, please send CV to: Robert J. Raica, 
Marquette General Hospital, 420 West Magnetic 
Street, Marquette, MI 49855. 


GROUP OF SEVEN subspecialized neurologists 
seeks neurologist with fellowship training in sleep to 
assist with busy sleep laboratory and high quality 
general neurology practice. Other subspecialty 
interests also considered. Charlotte, North Carolina is 
the largest city in the Carolinas. Prosperous, yet 
charming. Excellent recreational opportunities. 
Contact: Frederick Pfeiffer, MD, 1900 Randolph 
Road, Suite 1010, Charlotte, NC 28207; or (704) 334- 
7311. 


ST. LOUIS — BC/BE adult neurologist to join very 
busy, growing, four-member hospital based practice. 
Supportive medical staff, neurosurgery and neu- 
roradiology. EEG/EMG/EP experience desired. 
Academic appointment available. Competitive salary 
and benefits for two years, followed by a partnership 
opportunity. Available immediately. Send CV to: St. 
Louis Neurological Institute Inc., 11155 Dunn Road, 
Suite 202 North, St. Louis, MO 63136. Or call: Eli R. 
Shuter, MD; Robert P. Margolis, MD; Karen J. 
Pentella, MD or James S. Bonner, MD at (314) 355- 
3355. 


Excellent opportunity for board-certified/ 
board-eligible neurologist to join rapidly 
expanding practice of two neurologists in 
the Piedmont area of North Carolina. Full 


time position with partnership possibility 
after two years. Send CV to: 
Box #849 c/o AON 





PEDIATRIC NEUROLOGIST wanted to join two BC 
adult neurologists in the Rocky Mountain region. The 
community is located on the western slope of 
Colorado. Excellent recreational opportunities are 
available. Salary negotiable. Send CV to: Dr. Neal 
Gilman, 2530 North 8th Street, #206, Grand Junction, 
CO 81501. Or call: (303) 243-9180. 


NEUROLOGIST NEEDED — Carolina foothills. Con- 
genial, busy neurology group seeks one or two BC/ 
BE neurologists to join clinical practice in prosperous, 
desirable southern growth area. Quality family en- 
vironment. Excellent medical facilities. Competitive 
salary leading to partnership. Immediate openings. 
Contact: Marilyn Miller, 145 Dillon Drive, Spartanburg, 
SC 29302 with CV. 


GENERAL NEUROLOGIST available immediately — 
Ochsner Clinic, New Orleans, the preeminent, ‘multi- 
specialty group practice and international referral 
center in the Gulf South seeks board-certified/board- 
eligible neurologist. The Ochsner Clinic has over 350 
physicians. The neurology service is affiliated with the 
Tulane University Neurology Department and our staff 
have clinical appointments at Tulane University. The 
neurology service has teaching responsibilities at the 
Ochsner Foundation Hospital (550-bed) for Tulane 
Neurology residents and medical students. Ochsner 
Clinic offers physicians a very competitive salary and 
liberal compensation package. Please send CV to: 
Ochsner Clinic, Dr. Richard Strub, Chairman of 
Neurology, Physician Recruiting, 16777 Medical 
Center Drive, Ref. #A4 NEURO, Baton Rouge, LA 
78016. Or call: (800) 488-2240 for further information. 
FAX: (540) 753-2309. 


Professional Opportunities 


NEW ORLEANS: Solo BC neurologist seeking 


energetic, conscientious and personable BE/BC 
neurologist who is willing to work hard. EEG, EMG, 
EP experience required. Ultrasound experience 
preferred. Generous salary, fringe benefits. 
Partnership available in two years. Reply with CV to: 
Janna Delaune, 120 Meadowcrest Street, Suite 410, 
Gretna, LA 70056. 


ATLANTA NEUROLOGY OPPORTUNITY 


SUBURBAN ATLANTA -Opening for BC/BE 
neurologist to join busy established practice 
with major emphasis on headache manage- 
ment. Inpatient headache program, research 


and teaching opportunities. Share night and 
weekend call with six other neurologists. 
Competitive salary, benefits leading to early 
partnership. MRI, CT, EEG, and EP interpre- 
tation competence required. Send CV to Box 
#855, c/o AON or call (404)292-2134. 





NEUROLOGIST — A highly successful, two-member, 
private practice, academically affiliated with nearby 
renowned university hospital, is seeking a BC/BE 
neurologist with interest in EMG, EEG, EPs for a 
secure and financially rewarding career. Mocern 
medical facilities with 7,500 square feet, complete 
with OT clinic, electrodiagnostic equipment, and large 
professional staff. Practice is well established and 
highly respected with large referral base. Exceptional 
guaranteed salary, incentive and benefits package 
leading to partnership. Enjoy the cultural, academic 
and recreational amenities of the Philadelphia area as 
well as those of New York, Washington, DC, shore 
resorts, Chesapeake Bay, Pocono Mountains, Amish 
country — all within 90 minutes. Please send CV to: 
Robert C. Nollenberger, Nollenberger, Massucci & 
Co., P.O. Box 96, Ephrata, PA 17522. FAX: (717) 
738-4008. Or call: (717) 738-4100 for further details. 


FALLON CLINIC/ 
ST. VINCENT HOSPITAL 


The Department of Neurology Fallon Clinic/ 
Saint Vincent Hospital is recruiting a clinical 
neurophysiologist, with fellowship training in 
EEG, epilepsy or sleep disorders. 


Applicants must be board-certified or -eligi- 
ble ABPN and board-certified or -eligible 
American Board of Clinical Neurophysiol- 
ogy. The Fallon Clinic is a physician owned 
and directed multi-specialty group of 265 
physicians, providing the clinical services for 
the Fallon Community Health Plan — the 
premier HMO for central Massachusetts, as 
well as fee-for-service patients. The De- 
partment of Neurology is composed of eight 
full-time neurologists providing the full 
gamut of neurological services. Two are 
certified ABCN, two are certified in EMG, 
one certified in polysomnography. The 
department functions as an integral compo- 
nent of the Joint Teaching Program for 
Neurology Residents and students in 
collaboration with the University of Mass- 
achusetts Medical Center. The successful 
candidate will qualify for a teaching appoint- 
ment at an appropriate academic level. An 
attractive salary and benefit package is 
offered. 


If you are looking for an exciting opportunity 
in a dynamic expanding group, we are inter- 
ested in discussing this position with you. 


Please send CV to: 


Elliot Marcus, MD 
Chief of Neurology at 
Saint Vincent Hospital and Fallon Clinic 
c/o Elizabeth Andreoli, Physician Services 
100 Central Street 


Worcester, MA 01608 





Neuroimmunologist 






state-of-the-art practice. A 










KOER/AA M/E/H/S 


Marshfield Clinic is seeking a Neurologist to establish a clinical Multiple 
Sclerosis program. The ideal candidate would be a fellowship-trained 
Neuroimmunologist who also has a clinical interest in other neurological 
disorders that have an immunological basis. This specialist would join 
twelve adult neurologists including fellowship-trained subspecialties in 
cerebrovascular diseases, neuro-oncology, neuro-ophthalmology, behav- 
ior disorders, epilepsy, sleep disorders and neurophysiology, three pedi- 
atric neurologists, five neuropsychologists and four neurosurgeons in a 
fal range of neurologic lab and support 
services exists including duplex scanning, transcranial doppler, SPECT, 
MRI, CAT scanning, and invasive neuro-radiology. Clinical research is 
possible for both individual and multi-centered national projects. 


Marshfield clinic is a group practice consisting of 400 physicians 
representing ali surgical and medical specialties. The clinic is 
physically adjacent to a 524-bed acute care teaching hospital. A Univer- 
sity of Wisconsin Medical School affiliation, large Medical Research 
Foundation, plus a major secondary and tertiary level patient referral 
base contribute to a very stimulating environment. 


Please send cover letter/curriculum vitae to: 


John P. Folz, Assistant Director 
Marshfield Clinic 

1000 North Oak Avenue 
Marshfield, WI 54449 

or call collect at (715) 387-5181 


MARSHFIELD CLINIC 
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Multi-specialty clinic seeks BE/BC 


NEUROLOGIST 


Work with Neurologist, BC in Neurology and EMG. Neurodiagnostic 
lab, developing Sleep Center, and MRI in adjacent 425-bed hos- 
pital. Fellowship training and experience in movement disorders, 
stroke, EEG and sleep disorders is desired. 


e Competitive guaranteed salary with bonus 
productivity plan 


Shareholder status available after 18 months 
Malpractice insurance 


Relocation and interview expense included in 
benefits package 


semi-tropical Gulf Coast location is in upward bound economic 
environment and is attractive to those who enjoy outdoor sports 
such as fishing, golfing and sailing. 


Look into joining our great feam! 


Valley 
Diagnostic 
Medical & 
Surgical 
Clinic, P.A. 


Contact: 
Amanda Fuhro 


2200 Haine Drive, 
1-800-852-4543 


Fax: 512-425-5829 





STROKE NEUROLOGIST 


The Ochsner Clinic in New Orleans is seeking a BE/BC neurologist 
with fellowship training in cerebral vascular disease. The candidate 
should have strong clinical skills in managing patients with 
cerebrovascular disease. 


The Ochsner Clinic is a large (250 
MDs) multi-specialty clinic with an 
adjoining 550-bed hospital. The 
neurology service is affiliated with 
the Tulane University Neurology 
Department and our staff have 
clinical appointments at Tulane 
University. The Neurology service 
has teaching responsibilities at the 
Ochsner Foundation Hospital for 
Tulane Neurology residents and 
medical students. 


At Ochsner there are also opportu- 
nities for individual and coopera- 
tive clinical research. 


Interested physicians should send 
a complete CV to: 


Dr. Richard Strub, Chairman 
Department of Neurology 

OCHSNER MEDICAL INSTITUTIONS 
1514 Jefferson Highway 

New Orleans, Louisiana 70121 


For more details, please call: 
(504) 838-3980 





Harlingen, Texas 78550 


In Texas- 1-800-338-4590 


Professional Opportunities 


ADULT OR CHILD BC/BE NEUROLOGIST to join 


solo neurologist. This is a rapidly growing practice 
located near the summer White House. Community 
schools are rated among the top in the country. The 
area has many outdoor recreational pursuits. Located 
an hour and a quarter from Boston, this unique 
practice is supported by state-of-the-art electrodiag- 
nostic and neurodiagnostic equipment (CT, MRI, 
Doppler). Salary and benefits with partnership options 
based on qualifications. For more information contact: 
Mitchell K. Ross, MD, Southern Maine Neurologic 
Clinic, Park 111 Professional Building, 407 Alfred 
Road, Biddeford, ME 04005. 


EXCELLENT OPPORTUNITY for BC/BE neurologist 
with strong clinical skills to join a rapidly expanding 
neurological group located one hour from Chicago 
and one-half hour from Milwaukee. Salary com- 
petitive. Expertise in sleep or EEG desired. Please 
contact: Box #854, c/o AON. 


Faculty Positions 


ADULT NEUROLOGIST — Three-person, successful 
neurology group in beautiful Pennsylvania suburban 
community seeks additional member for clinical 
practice with academic affiliation. Teaching and 
research opportunities exist, subspecialty interest 
and/or fellowship desirable. Reply to: Box #840, c/o 
AON. 


EXCELLENT OPPORTUNITY 


for BC/BE neurologist to practice at Allegheny General 
Hospital in Pittsburgh, Pennsylvania. Opening for July 
1993 for private practice with geographic full-time 
appointment to the Medical College of Pennsylvania. 
Teaching and research opportunities with fully accred- 


ited residency in Neurology. Subspecialty in movement 
disorders or neuro-oncology preferred but not required. 
Subspecialty certification in EMG/muscle disease is 
highly desirable. 


Inquire to Jon Brillman, MD or forward CVs to: 
409 Baumer Street, Pittsburgh, PA 15209. 





MICHIGAN STATE UNIVERSITY Kalamazoo Center 
for Medical Studies (MSU/KCMS). The Pediatric 
Neurology Section of MSU/KCMS is seeking a 
second BC/BE pediatric neurologist. This faculty 
position is at the assistant professor level and 
includes responsibilities for patient care and medical 
student/resident teaching. Emphasis is on Clinical 
activities, including electrodiagnostics and epilepsy/ 
seizures. MSU/KCMS serves as the largest pediatric 
referral center in southwestern Michigan with 24 
pediatric subspecialists. Contact: Richard Katnik, MD, 
PhD, Director, Section of Pediatric Neurology, 
Pediatric Faculty Office, Bronson Medical Center, 
252 East Lovell Street, Kalamazoo, MI 49007. 
Telephone: (616) 341-8277. 


Positions Available 


THIRD PEDIATRIC NEUROLOGIST needed for 


busy practice, new pediatric neurology fellowship 
program. Seven neurologists in department, five 
basic neuroscientists. Opportunity for collaborative 
research. Subspecialty interests encouraged. 
Contact: Joseph B. Green, MD, Department of 
Neurology, Texas Tech University Health Sciences 
Center, Lubbock, TX 79430. 


LOYOLA UNIVERSITY CHICAGO Stritch School of 
Medicine seeks Director of Stroke Program. 
Resources include transcranial Doppler, modern 
neuro-imaging laboratory with SPECT, and 
molecular neuroscience laboratories. Loyola 
University is a large center for cardiovascular 
disorders with very active surgical and cardiology 
programs. Research collaborations possible with 
cardiology and cardiovascular surgery. Candidates 
should be board-eligible or -certified neurologists 
with scholarly career interests and qualified for 
academic appointment. Send reply to: Gastone 
Celesia, MD, Chairman, Neurology Department, 
Loyola University Chicago, 2160 South First 
Avenue, Chicago, IL 60153. Loyola is an equal 
opportunity/affirmative action employer. 
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Faculty Positions 


NEUROLOGIST — Board-certified or board-eligible. 


The Texas College of Osteopathic Medicine is 
recruiting an academically oriented neurologist with 
interest in clinical neurology, teaching and research. 
Faculty appointment provides competitive salary 
with excellent fringe benefits. Please send curricu- 
lum vitae and letter of inquiry to: William E. 


-Mcintosh, DO, Associate Professor of Medicine/ 


Neurology, Texas College of Osteopathic Medicine, 
3500 Camp Bowie Boulevard, Fort Worth, TX 
76107-2699. TCOM is an affirmative action/equal 
opportunity employer and educator. 


TEXAS TECH is searching for an academic 
electromyographer to join a busy laboratory: Well 
equipped, technically staffed. Teach residents and 
students. Seven neurologists, muscle-nerve biopsy 
laboratory, experimental neuropathologist. Contact: 
Joseph B. Green, MD, Department of Neurology, 
Texas Tech University Health Sciences Center, 
Lubbock, TX 79430. 


CHAIR, DEPARTMENT OF NEUROLOGY, Univer- 
sity of Wisconsin Medical School, Madison, 
Wisconsin. The University of Wisconsin Medical 
School, Madison, is searching for a chairperson for 
the Department of Neurology. The department has 
strong commitments to excellence in basic and 
clinical research, medical student and graduate 
medical education, and delivery of patient care. The 
chairperson is responsible for enhancing the organi- 
zation, the academic programs and Clinical 
operations, and community interrelationships of the 
neurology faculty. We seek a person with demon- 
strated ability to provide strong scholarly, academic 
and administrative leadership to the department. 
Send reply with curriculum vitae to: Professor 
Joseph F. Sackett, Chair of The Search Committee, 
c/o Margie Martin, 1205 Medical Sciences Center, 
1300 University Avenue, Madison, WI 53706. To 
ensure full consideration, applications should arrive 
by January 31, 1993. The University of Wisconsin is 
an equal opportunity/affirmative action employer. 
Wisconsin open records law requires the release of 
names, upon request, of all nominees and appli- 
cants who have not made a written request for 
confidentiality. Candidates agreeing to be finalists 
cannot be guaranteed confidentiality. 


Fellowships 


EMG AND NEUROMUSCULAR DISEASE fellowship 
at the University of Mississippi Medical Center: 
Comprehensive fellowship in clinical neuromuscular 
disease and electromyography (including single fiber 
EMG). The experience is based on a large MDA 
Clinic (more than 500 patients) and an active EMG 
laboratory (700 procedures/year). Muscle and nerve 
pathology training under three (3) active neuro- 
muscular specialists to include immunocyto- 
chemistry. Opportunities for clinical research. Send 
CV and three letters of recommendation to: S.H. 
Subramony, MD, Department of Neurology, 
University of Mississippi Medical Center, 2500 North 
State Street, Jackson, MS 39216-4505. University of 
Mississippi Medical Center is an equal opportunity 
employer, M/F/D/V. 


FELLOWSHIP IN NEUROLOGY OF AGING — A fel- 
lowship is available for July 1993 for the Neurology of 
Aging. The position includes opportunities for both 
clinical and basic research, as well as experience in 
the diagnosis and management of neurologic 
disorders occurring with age. The fellowship is for 
one or two years, and will include opportunities for 
participation in ongoing studies in neuropharma- 
cology, neuropathology, molecular neurobiology, 
neuropsychology, and the design of clinical studies. 
Neurology residency training or equivalent expe- 
rience is required. The fellowship is in the Neurology 
Department at the University of Massachusetts 
Medical Center. Reply to: David A. Drachman, MD, 
Professor and Chairman, Department of Neurology, 
University of Massachusetts Medical Center, 55 Lake 
Avenue North, Worcester, MA 01655, USA. 


PLEASE NOTE -— Address replies to box number 
ads as follows: Box number _________ , c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 





Fellowships 


NEUROPHYSIOLOGY/SLEEP FELLOWSHIP — 


The Department of Neurology, Medical College of 
Wisconsin, has a position for a one-year or two-year 
program beginning July 1993 as well as July 1994, 
designed to combine training in epilepsy and clinical 
neurophysiology as well as sleep disorders 
medicine. Comprehensive exposure to epilepsy and 
sleep disorders is available. This exposure includes 
participation in adult and pediatric epilepsy and 
sleep clinics staffed by epileptologists and sleep 
physicians (Neurologists, ENTs and Pul- 
monologists). A two bed adult and one bed pediatric 
epilepsy and sleep laboratory is utilized. This will 
qualify the fellow for ABCN/ACP examination within 
one year. Participation in a comprehensive epilepsy 
clinic and clinical drug trials is available. 
Involvement in clinical epilepsy and clinical or basic 
science research including newer functional imaging 
techniques allows extension of the fellowship to two 
years. Send resume to: L. Cass Terry, MD, PhD, 
Chairman, Department of Neurology, Medical 
College of Wisconsin, 9200 West Wisconsin 
Avenue, Milwaukee, WI 53226. The Medical 
College of Wisconsin is an equal opportunity/ 
affirmative action employer, M/F/D. 


EMG/NEUROMUSCULAR DISEASE FELLOWSHIP 
available beginning July 1993 for one year at the 
Medical College of Wisconsin and affiliated 
hospitals (Children's Hospital, Froedtert Hospital, 
VA Medical Center, Milwaukee County Medical 
Complex). Training opportunities include adult and 
pediatric EMG, single fiber EMG, nerve and muscle 
biopsy interpretation, adult and pediatric MDA 
clinics, and microneurography. Please send 
curriculum vitae and three references to: Dr. Rose 
Dotson or Dr. Safwan Jaradeh in the Department of 
Neurology at Froedtert Hospital, 9200 West 
Wisconsin Avenue, Milwaukee, WI 53226. The 
Medical College of Wisconsin is an equal oppor- 
tunity/affirmative action employer, M/F/D. 


FELLOWSHIP IN ELECTROENCEPHALOGRAPHY-— 
A position is available for July 1993 for one-year fel- 
lowship in electroencephalography at the University 
of Massachusetts Medical Center. In addition to 
training in interpreting adult and pediatric EEG, the 
fellow will receive experience in evoked potentials, 
sleep/wake disorders, and electronystagmography. 
The fellow will also see patients with seizures, and 
will have the opportunity to maintain his/her clinical 
skills in general neurology. Completion of a neurology 
residency is a prerequisite. Reply to: Catherine 
Phillips, MD, Assistant Professor, Department of 
Neurology, University of Massachusetts Medical 
Center, 55 Lake Avenue North, Worcester, MA 
01655. 
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National (800) 237-9851 


We Target The Physician You Want! 


The Archives of Neurology's classified recruitment advertising section is seen by precisely 
the physician you need — neurologists, child neurologists and neurological surgeons. A 
specialized physician audience of over 15,000. 


Send us your advertising order today. Just complete the coupon below and attach your 
typewritten copy. The next available issue is January 1993 which closes November 25th. 


times, beginning with the 


Send ail copy and payments to: 
ARCHIVES 


Neurolo 


Classified Department, P.O. Box 1510, 


NEUROVASCULAR FELLOWSHIP 


The Division of Neurology of the Barrow 
Neurological Institute offers comprehensive 


fellowship training in neurovascular disease. 
One position will be available as of July 1993. 
Please direct inquiries to: James L. Frey, MD, 

222 West Thomas Road, Suite 415, Phoenix, AZ 
85013. (602) 650-6300; FAX (602) 650-7167 





THE UCLA DIVISION of Neurosurgery is offering a 
visiting fellowship program in transcranial Doppler 
and cerebral blood flow monitoring. The three-day 
program provides comprehensive instruction in the 
clinical applications of transcranial Doppler and 
Xenon-133 cerebral blood flow monitoring. Instruc- 
tion is provided with formal lectures and hands-on 
workshops. Course syllabus, workbook and certifi- 
cate of completion are provided. Fee for the three- 
day course is $495 for physicians, and $395 for 
technologists. Dates: May 20-22; September 9-11; 
November 11-13. For further information and regis- 
tration, please contact: UCLA Cerebral Blood Flow 
Laboratory, Division of Neurosurgery, CHS 74-140, 
10833 Le Conte Avenue, Los Angeles, CA 90024- 
6901. (310) 206-0626; FAX (310) 825-7245. 


Miscellaneous 


PATIENT EDUCATION VIDEOS —Electomyography/ 
$59.95, Nerve Conduction Velocity/$59.95, 
Thermography/$59.95, Somatosensory Evoked 
Potentials/$59.95, EMG & NCV/$99.95, Patient 
Spinal Education (Neck & Back Injuries)/$139.95, 
Neurodiagnostic Testing (All Inclusive)/$139.95. 
CODs, MC, VISA, Discover, call: (800) 332-7400. 
Check or money order to: Medfo, Inc., P.O. Box 
7730, St. Petersburg, FL 33734. 30-day money back 
guarantee. 


NATIONAL STROKE ASSOCIATION announces 
career-development fellowship award ($30,000/year) 
for stroke research. Application due January 15, 
1993 for July 1993 commencement. Contact: 
National Stroke Association, 300 East Hampden 
Avenue, #240, Englewood, CO 80110. (303) 762- 
9922. 


Medical Equipment/Supplies 


VIKING Il: Brand new from factory, unopened. 
Substantial discount. Fully covered by warranty. This 
is not a used machine. Box #856, c/o AON. 
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Capsaicin 0.025%w/w})Cream 


Topical Analgesic 


TARGETED ACTION 

Acts on sensory nerves at site of application by selectively 
depleting substance P, a chemomediator of pain impulses 
along neuropathways. 





EFFECTIVE 

Alleviates the intense pain associated with postherpetic 
neuralgia in most patients. May also benefit patients when 
added to existing systemic drug regimens. 


SAFE 


No known interactions with systemic medications commonly 
prescribed for geriatric patients. 


Topical Zostrix Works Where It Hurts 





DESCRIPTION 

Zostrix Cream contains capsaicin, 0.025% w/w, in an emollient base containing benzyl 
alcohol, cetyl! alcohol, glyceryl monostearate, isopropyl myristate, polyoxyethylene stearate 
blend, purified water, sorbitol solution and white petrolatum. Capsaicin is a naturally 
occurring substance derived from plants of the Solanaceae family with the chemical name 
trans-8-methyl-N-vanillyl-6-nonenamide. Capsaicin is a white crystalline powder with a 
molecular weight of 305.4. Itis practically insoluble in water but very soluble in alcohol, ether 
and chloroform 


ACTION 

Although the precise mechanism of action of capsaicin is not fully understood, current 
evidence suggests that capsaicin renders skin and joints insensitive to pain by depleting 
and preventing reaccumulation of substance P in peripheral sensory neurons Substance 
P is thought to be the principal chemomediator of pain impulses from the periphery to the 
central nervous system. In addition, substance P has been shown to be released into joint 
tissues and activate inflammatory mediators involved with the pathogenesis of rheumatoid 
arthritis. 


INDICATION 

Zostrix is indicated for the temporary relief of peripheral neuralgias such as the pain 
following shingles (herpes zoster). Zostrix is also indicated for the temporary relief of the 
pain associated with rheumatoid arthritis and osteoarthritis. 


WARNINGS 

FOR EXTERNAL USE ONLY. Avoid contact with eyes and broken or irritated skin. Do not 
bandage tightly. If condition worsens, or does not improve after 28 days, discontinue use 
of this product and consult your physician. Keep this and all drugs out of the reach 
of children. |n case of accidental ingestion, seek professional assistance or contact a 
Poison Control Center immediately. 


DIRECTIONS 

Adults and children 2 years of age and older: Apply Zostrix to affected area 3 to 4 times daily. 
Transient burning may occur upon application, but usually disappears in 72 hours. 
Application schedules of less than 3 to 4 times a day may not provide optimum pain relief 
and the burning sensation may persist. Wash hands immediately after applying 


Zostrix. 

HOW SUPPLIED 

1.5 oz tube (NDC 52761-552-45) Store at room temperature. 
3.0 oz tube (NDC 52761-552-85) U.S. Patent Nos. 4486450 and 5536404 
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THE OTHER 





SIDE OF EPILEPSY 





As debilitating as seizures may be, 
neurologists have long pointed out that the 
psychosocial consequences of epilepsy and 
its therapy can sometimes be even worse. 
Until now, such problems were thought to 
be relatively infrequent in clinical practice. 
However, the results of a recent Roper poll 
suggest that their prevalence may have been 
underestimated. 


In an independent nationwide survey of 
760 randomly selected epilepsy patients, 
more than half of those polled (59%) said 
they were resigned to living with the level of 
seizure control and side effects provided by 
their current therapy. Yet, 49% expressed 
dissatisfaction with the level of side effects 
they were experiencing, and well over half 
(61%) said that their disorder and/or the 
drugs used to treat it limit daily living. Many 
pointed to such common problems as 
memory loss (65%), difficulty concentrating 


(57%), and difficulty thinking clearly (61%). 


While these statistics may not necessarily 
reflect the experience of patients in every 
practice, they do suggest that the quality of 
many patients’ lives could benefit from 
careful reevaluation. 


Some epilepsy patients can be troubled 
by low self-esteem, fear, and overdepen- 
dency. They can experience emotional 


maladjustment, fear of intimacy, and 
difficulty in learning. Many must contend 
with social stigma, both real and perceived, 
and some patients may feel a sense of isola- 
tion. Frequently, they face discrimination, 
unemployment, and financial distress. In 
fact, 43% of those surveyed were currently 
unemployed, 44% felt limited in their 
ability to work, and 32% felt limited in job 
interviewing. 


Unfortunately, the impact of such problems 
on the quality of life does not necessarily 
improve when seizures are reduced or 
brought under control. To meet the contin- 
uing challenge of epilepsy management, care 
must be comprehensive, addressing behav- 
ioral problems when they occur. 


The psychosocial stress that epilepsy patients 
undergo is undeniable, but it is not unman- 
ageable. Some problems can be alleviated by 
changes in the therapeutic regimen. Others 
can be addressed by helping patients develop 
effective coping strategies. 


To really make a difference, the status of each 
patient with epilepsy should be regularly 
reevaluated. Only then can effective 
treatment strategies be implemented with 
quality of life in mind. 
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/ The headaches began in her teens — and still interrupt her 
/ life without warning. A pain so intense, she confines herself 
£ to the solitude of her bedroom. She’s just 1 of over 14 
f million Americans who live with migraine. 


if Stop migraine before it starts. 
Abortive therapies often provide inadequate relief or cause 
f troublesome side effects. INDERAL® LA is a once-daily 
/ preventive therapy that can significantly reduce the 
/ frequency and severity of common migraine. 


f individualized therapy optimizes results. 


ff Dose titration is key to successful management. Start with 
80 mg/day. Increase dosage by 40 mg every two weeks to 
an effective dose — usually 160 mg to 240 mg daily. 

< Maximum dosage is 320 mg/day. 
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(PROPRANOLOL HCI) Reone 
The only once-daily 
migraine preventive. 


INDERAL LA should not be used in the presence of congestive heart failure, sinus 
bradycardia, cardiogenic shock, heart block greater than first degree, and bronchial 
asthma. 

(i INDERAL LA should not be used during pregnancy. Patients receiving INDERAL LA 
sometimes experience side effects such as bradycardia, hypotension, mental depression, 
fatigue, bronchospasm, lupus erythematosus. 
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BRIEF SUM PRESCRIBING INFORMATION: 

CONSULT THE PACKAGE LITERATURE FOR FULL PRESCRIBING INFORMATION. 

INDICATIONS AND USAGE. INDERAL LAis indicated for the following: 

Management of Hypertension — (alone or in combination with other agents). It is not indicated for management of 
hypertensive emergencies. 

Long-term hr aie of Angina Pectoris Due to Coronary Atherosclerosis. 

Migraine — for the prophylaxis of common migraine headache. It is not indicated for treatment of migraine attacks. 
Management of Hypertrophic Subaortic Stenosis — especially for treatment of exertional or other stress-induced 
angina, palpitations, and syncope. INDERAL LA also improves exercise performance. Clinical improvement may be 


temporary. 

NDICATIONS. INDERAL is contraindicated in 1) cardiogenic shock; 2) sinus bradycardia and greater than 
first-degree block; 3) bronchial asthma; 4) congestive heart failure (see WARNINGS), unless the failure is secondary 
to a tachyarrhythmia treatable with INDERAL. 

WARNINGS. CARDIAC FAILURE: Sympathetic stimulation may be a vital component supporting circulatory func- 
tion in patients with congestive heart failure, and its inhibition by beta-blockade may precipitate more severe failure. 
Although beta blockers should be avoided in overt congestive heart failure, if necessary, they can be used with close 
follow-up in patients with a history of failure who are well compensated and are receiving digitalis and diuretics. 
Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on heart muscle. 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers can, in some cases, lead to 
cardiac failure. Therefore, at the first sign or symptom of heart failure, the patient should be digitalized and/or treated 
with diuretics, and the response observed closely, or INDERAL should be discontinued (gradually, if possible). 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of angina and, in some cases, 
a infarction, following abrupt discontinuance of INDERAL therapy. Therefore, when discontinuance of 






cautioned against interruption or cessation of therapy without the physician's advice. If INDERAL therapy is inter- 
rupted and exacerbation of angina occurs, it usually is advisable to reinstitute INDERAL therapy and take other 
measures appropriate for the management of unstable angina pectoris. Since coronary artery disease may be 
unrecognized, it may be prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease who are given propranolol for other indications. 


ree od TEET (e9, chronic bronchitis, emphysema) — PATIENTS WITH BRONCHOSPASTIC DIS- 
EASES SHOULD IN GENERAL NOT RECEIVE BETA BLOCKERS. INDERAL should be administered with caution since it 
may block bronchodilation produced by endogenous and exogenous catecholamine stimulation of beta receptors. 
MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior to major surgery is contro- 
versial. It should be noted that the impaired ability of the heart to respond to reflex adrenergic stimuli may augment the 
risks of general anesthesia and surgical procedures. 

INDERAL, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and its effects can be reversed by 
administration of such agents, eg, dobutamine or isoproterenol. However, such patients may be subject to protracted 
severe hypotension. Difficulty in starting and maintaining the heartbeat has also been reported with beta blockers. 

DIAB AND HYPOGLYCEMIA: Use beta blockers with caution in diabetic patients if a beta-blocking agent is required. 
Beta blockers may mask tachycardia occurring with lycemia; other manifestations such as dizziness and sweating 
may not be significantly affected. Following insulin-induced hypoglycemia, propranolol may cause a delay in the recovery 
of blood glucose to normal levels. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism, thus abrupt withdrawal of pro- 
pranolol may be followed by an exacerbation of symptoms of hyperthyroidism, including thyroid storm. Propranolol may 
change thyroid-function tests, increasing T4 and reverse Ta, and decreasing T3. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been reported in which, after pro- 
pranolol, tachycardia was replaced by severe bradycardia requiring a demand pacemaker. In one case this resulted after 
an initial dose of 5 mg propranolol. 

PRECAUTIONS. GENERAL: Use with caution in patients with impaired hepatic or renal function. INDERAL is not indicated 
for the treatment of hypertensive emergencies. 

Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients should be told that INDERAL may 
interfere with the glaucoma screening test. Withdrawal may lead to a return of increased intraocular pressure. 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart disease, elevated serum 







| transaminase, alkaline phosphatase, lactate dehydrogenase. 


DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reserpine should be Closely observed 

if INDERAL is administered. The added aman toed action may produce an excessive reduction of resting 

ener nervous activity resulting in hypotension, marked bradycardia, vertigo, syncopal attacks, or orthostatic 
ension. 

Caution should be exercised when patients receiving a beta blocker are administered a calcium-channel-blocking drug, 

especially intravenous verapamil, as both agents may depress myocardial contractility or atrioventricular conduction, On 

rare occasions, the concomitant intravenous use of a beta blocker and verapamil has resulted in serious adverse reac- 

tions, especially in patients with severe cardiomyopathy, congestive heart failure or recent myocardial infarction. 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol. 

Ethanol slows the rate of absorption of propranolol. 

Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance. 

Chlorpromazine, when used concomitantly with propranolol, results in increased plasma levels of both drugs. 

Antipyrine and lidocaine have reduced clearance when used concomitantly with propranolol. 

Thyroxine may result in a lower than expected T, concentration when used concomitantly with propranolol. 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and increasing blood levels. 

Theo ont erg is reduced when used concomitantly with 5 ee 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: There was no evidence of significant drug-induced 

toxicity in rats or mice, employing doses up to 150 mg/kg/day over an 18-month period. There were no drug-related 

ape effects at any dosage levels. No impairment of fertility attributable to the drug was seen in animal reproduc- 

ve studies. 
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Vertigo: Its Multisensory 
Syndrome 


By Thomas Brandt, 329 pp, $89, New 
York, NY, Springer-Verlag NY Inc, 
T391. 


Dizziness is an extraordinarily com- 
mon symptom in clinical practice. This 
is particularly true as age increases. 
Despite the prevalence of this symp- 
tom and frequent complaints of diz- 
ziness to physicians, however, the sub- 
ject receives little attention during our 
educational process. Part of the prob- 
lem is that the science of balance and 
orientation in space is too often ne- 
glected before clinical training. An- 
other is that the term dizziness rep- 
resents a multifactorial set of com- 
plaints, ranging from lightheadedness 
and faintness to frank sensations of 
self-rotation, as if on an amusement 
park ride (although the ride is neither 
solicited nor amusing), and this re- 
sults in confusion and misunderstand- 
ing on the part of both patients and 
physicians. Finally, the community of 
specialists interested in the science and 
medicine of dysequilibrium compris- 
es a small group (even on an interna- 
tional scale). One ramification is that 
there are rather few comprehensive 
texts on the subject, particularly with 
regard to the clinical side. From that 
perspective, this book is a welcome 
new addition for a hungry commu- 
nity. However, the book should ap- 
peal to a far broader audience than 
equilibrium specialists. 

The text is organized as an intro- 
ductory chapter followed by eight sec- 
tions, each addressing a different area 
of vertigo syndrome. Within each sec- 
tion are several chapters covering these 
eight areas. The introduction lays the 
groundwork from the perspective of 
the evaluation of the dizzy patient and 
introduces the vestibular system and 
its main influences on eye movements, 
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postural control, and perception. The 
author’s approach to the dizzy pa- 
tient is outlined as are certain thera- 
pies. The term vertigo is here used not 
in its restrictive term (erroneous sen- 
sation of self-motion) but is broad- 
ened to include a variety of other 
phenomena. This could easily have 
justified a title of “dizziness” or 
“dysequilibrium.” 

The main body of the text begins 
with a section focused on vestibular 
nerve and labyrinthine disorders. Sev- 
eral common clinical entities are de- 
scribed in detail, and sections on gen- 
eral unilateral and bilateral vestibular 
loss are given. These should have been 
presented first, since they provide a 
general framework for understanding 
vestibular lesions and their conse- 
quences. The text continues with a 
section on central vestibular disorders. 
Here, the concept of a “vestibular” 
disorder can be argued. Perhaps a bet- 
ter title would have been central dis- 
orders of dysequilibrium. It is not clear 
whether many of the nystagmus syn- 
dromes are vestibular, oculomotor, or 
some combination, since the two sys- 
tems are intimately intertwined. 

Similar comments can apply to the 
various site-of-lesion specifics (we are 
not always so certain) in this and oth- 
er sections. Additional sections cover 
positional vertigo, vascular vertigo, 
traumatic vertigo, familial and child- 
hood vertigo, nonvestibular vertigo, 
psychogenetic vertigo, and physiolog- 
ic vertigo. Again, some of the orga- 
nizational attributes can be argued. 
For example, a vascular cause yield- 
ing vertigo can be either central or 
peripheral, and there are sections ded- 
icated to each. Likewise, positional ver- 
tigo can be due to central or periph- 
eral phenomena. The subject matter is 
generally handled comprehensively 
and with insight. Investigative mate- 
rial is presented throughout the text. 
One of the most notable and signifi- 
cant contributions is the section on 


nonvestibular vertigo syndromes, in- 
cluding visual and somatosensory ver- 
tigo. This section is full of interesting 
and provocative material, much of it 
based on the author’s own contribu- 
tions in these areas. 

It should be noted that this book is 
a single-author contribution. The au- 
thor is a premier expert in the field 
who has made contributions to both 
clinical and scientific communities. 
The text does, however, present an 
individual point of view. For the North 
American audience, this is a distinctly 
European view, weighted in many ar- 
eas toward European contributions to 
the literature. This is not meant to 
criticize. The book provides focus and 
insight in areas that are not common- 
ly handled in other publications and 
are not part of the common vernacu- 
lar on this side of the Atlantic. This is 
no more apparent than in the sections 
regarding nonvestibular vertigo. 

In summary, this is a welcome text 
written by an eminent member of the 
community. The book belongs on the 
shelf along with a small handful of 
other excellent texts and should pro- 
vide an essentiai reference for any phy- 
sician confronted with dizzy patients. 

GARY D. PAIGE, MD, PHD 
Rochester, NY 


Neurologic Clinics: 
Disorders of the 
Spinal Cord 


Edited by Robert M. Woolsey and Robert 
R. Young, 313 pp, with illus, Philadel- 
phia, Pa, WB Saunders Co, 1991. 


This book is a very nice review of 
spinal cord injury, including sections 
on anatomy, pathology, diagnosis, 
imaging, and treatment. There are 16 
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chapters representing the work of 35 
contributors. In the preface, the au- 
thors note that space limitations pre- 
clude coverage of some important ar- 
eas, specifically citing the omission of 
spasticity and evoked potentials. In- 
terestingly, there is an informative 
chapter by Dr Aminoff on segmen- 
tally specific somatosensory evoked 
potentials, which he concludes are of 
little use in the clinical management 
of spinal cord disorders. Perhaps one 
of the excluded topics could have 
been substituted in its place. There 
are two excellent reviews of nontrau- 
matic spinal cord disorders, and this 
is material that is often not well cov- 
ered in textbooks of spinal cord in- 
jury. This volume is well illustrated 
and is recommended for clinicians 
wishing a current and succinct review 
of spinal cord disorders. 
CHARLES J. GIBSON, MD 
Rochester, NY 


Chronic Epilepsy: 
Its Prognosis and 
Management 


Edited by Michael R. Trimble, 272 pp, 
with illus, $65, New York, NY, John 
Wiley & Sons Inc, 1989. 


The focus of this book is “chronic” 
epilepsy, and it is concerned with the 
20% to 40% of patients with epilepsy 
who have recurrent seizures despite 
treatment with antiepileptic drugs. 
The topics covered in the 18 chapters 
include pathophysiology, prognosis, 
monitoring, imaging, syndromes in 
children, cognitive hazards, social 
difficulties, behavioral consequences, 
strategies of treatment with antiepi- 
leptic drugs, management of chil- 
dren, a surgical treatment, epidemi- 
ology in developing countries, and 
genetics. Although most of the au- 
thors are associated with well-known 
medical institutions in London, En- 
gland, an international approach is 
provided by including authors from 
Germany, Ireland, Canada, and the 
United States. 

Clobazam (Frizium), an antiepilep- 
tic drug not available in the United 
States, is discussed in three chapters. 
Because this drug is available in Can- 
ada and Mexico, readers in the United 
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States who practice near the borders 
of these countries may want to be fa- 
miliar with its use in adjunctive ther- 
apy. 
This book is concise, thorough, and 
“easy reading,” without the volumi- 
nous details that burden some books 
on epilepsy. Although most epilep- 
tologists may be familar with much of 
the information in the book, it is 
worthwhile to read about the psycho- 
social issues in epilepsy, which need 
to be reinforced in these times of high 
technology and efficient cost-saving 
methods. Also, many readers may not 
be familiar with the epidemiologic 
studies on epilepsy in Third World 
countries. The chapter, “Advances in 
Genetics,” will likely be appreciated 
by many readers, because its discus- 
sion of genetic concepts and methods 
is simplified for those of us who are 
not molecular biologists. 

Overall, I think the text provides an 
excellent review of chronic epilepsy, 
and I highly recommend it to neurol- 
ogists, pediatric neurologists, neuro- 
surgeons, internists, family practice 
physicians, neuropsychologists, so- 
cial workers, nurses, residents, and 
medical students who are involved 
with the care of people with epilepsy. 
The references in the book are selec- 
tive and provide even the most in- 
formed reader with an opportunity to 
delve into more detail. You may want 
to include this book in your personal 
library; the price is reasonable. 

JACK D. GRABOW, MD 
Rochester, Minn 


Laura: A Case Study for 
the Modularity of 
Language 


By J. E. Yamada, 169 pp, $27.50, Cam- 
bridge, Mass, The MIT Press, 1991. 


Language can be remarkably pre- 
served, even in face of relatively se- 
vere mental retardation, a fact that has 
been known to pediatricians, child 
neurologists, psychologists, and 
many others who have had contact 
with such individuals. Yamada’s 
book Laura, a case study of a woman, 
illustrates this dissociation. The intro- 
duction touches on the duality of cog- 
nition and language and reviews 


some evidence for their dissociation in 
cases of Turner’s syndrome, hydro- 
cephalics, William’s syndrome, and 
other reports. Somewhat related cases 
are the descriptions of hyperlexia and 
the relatively large literature on “sa- 
vants” with selectively superior abil- 
ities in memory, music, calendar cal- 
culation, and mental arithmetic. 

The case report begins with anec- 
dotal descriptions of her early devel- 
opment. Mention is made of Laura’s 
hypothyroidism (cretinism), preco- 
cious puberty, abnormal electroen- 
cephalogram, and dysmorphic fea- 
tures. The assessment included 
language and nonlanguage mea- 
sures, using a rather widely ranging 
battery of tests. In the linguistic anal- 
ysis of Laura’s speech, Yamada em- 
phasizes the complexity of her syn- 
tactic constructions in her mostly 
fluent speech output. Laura’s com- 
prehension was more problematic. 
She did poorly on word-order dis- 
tinctions and on other aspects of syn- 
tax comprehension, and her perfor- 
mance on the Token test was at the 
level of severe aphasics. She also had 
problems with auditory memory. 

The transcriptions of Laura’s con- 
versation are interesting and reveal- 
ing. Often they are so irrelevant and 
reveal such a flight of ideas that they 
seem to be typical of schizophrenic 
thought disturbance, explaining why 
Laura was diagnosed to have schizo- 
phrenia superimposed on mental re- 
tardation. Laura’s long spiels contain- 
ing many stereotypes, perseverative 
phrases, unclear references, frequent 
clang associations, neologisms, and 
other unintelligible items were simi- 
lar to schizoaphasia and seem to result 
in a fluent speech that was of limited 
communicative value. Perseveration, 
overliterality, and the failure to keep 
conversational (pragmatic) rules sim- 
ilar to those of frontal lobe patients, 
right hemisphere-damaged individ- 
uals, and schizophrenics were also 
features of Laura’s discourse. 

Laura’s cognitive development 
appeared to be substantially below 
her linguistic development in sev- 
eral instances, which provided the 
basis for the author’s contention 
that acquisition of language is not 
necessarily contingent of certain 
Piagetian stages of cognitive devel- 
opment. The discussion makes the 
point that Laura used many linguis- 
tic structures that supposedly de- 
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pend on the Piagetian concrete op- 
erational ability, such as a 
reversibility and decentration, but 
she failed the nonlinguistic opera- 
tional tasks. 

One of the inconsistencies in 
Laura’s performance was her rela- 
tively poor semantic memory, yet 
her relatively better memory for the 
rules of language, which was con- 
sidered by Tulving to be part of 
semantic memory. Even though 
Laura had difficulty remembering 
three-item sequences, she produced 
sentences up to 20 words long. 
Structure seemed to aid her mem- 
ory rather than the other way 
around. Laura’s difficulty to se- 
quence and diminish short-term 
memory span is against the hypoth- 
esis that these ”left hemisphere” 
functions are essential for language. 

The author concludes that 
Laura’s profile might be described 
as a dissociation between the com- 
putational and conceptual compo- 
nents of language. He also argues 
that Laura’s deficits make a case for 
the modularity of language and 
against the exclusive role of cogni- 
tive, social, and perceptual factors 
in language acquistion. One of the 
curious aspects of the report is, 
however, that Laura’s language is 
far from normal. At times it is quite 
devoid of context or meaning, and 
the author admits that it often re- 
sembles “Wernicke’s aphasia.” This 
undermines the basic premise of 
preserved modular language func- 
tion. The book makes for interesting 
reading, although the amount of 
detail is far beyond that such a re- 
port ordinarily contains. 

ANDREW KERTESZ, MD 
London, Ontario 


Morphology, Phonology, 
and Aphasia 


Edited by J. L. Nespoulous and P. Vil- 
liard, 285 pp, $49, New York, NY, 
Springer-Verlag NY Inc, 1990. 


The introduction introduces a 
new term (at least new to me), neu- 
ropsycholinguistics. Actually, I have 
been waiting for this to appear to 
see who will breach the English re- 
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straint of piling up components of 
words. I suppose the next one will 
be neuropsychocognitolinguistics. The 
first chapter is a good example of 
the style and the approach. It con- 
tains the by-now familiar model of 
the lexical system and summarizes 
the various single case reports of 
Caramazza and Miceli. These case 
reports typically take linguistic 
tasks, such as naming and reading 
words and analyze the errors to 
draw conclusions about the nature 
of various stages of lexical produc- 
tion. Some of these observations 
have been well known for almost a 
century, such as the patient who 
cannot name objects or produces se- 
mantic errors but who can, in fact, 
circumlocute or circumscribe, or pa- 
tients who cannot respond orally 
but who can write. The authors put 
these phenomena in terms of infor- 
mation processing and make a 
strong case for the independence of 
input and output “lexicons” in the 
brain in various modalities, produc- 
ing diagrams that are similar to the 
symmetrical boxes and arrows of 
the diagram makers a century ago 
(except for the linguistic and/or 
information-processing terminolo- 
gy). The authors do not emphasize 
the actual interdependence of these 
processes that is evidenced in the 
majority of the patients and even in 
the large percentage of the mixed 
type of errors of their own subjects. 
Some of the observations are origi- 
nal and exotic, such as the dissocia- 
tion between derivational and in- 
flectional processes from an Italian 
patient. The heavy linguistic jargon, 
double negatives, and argumenta- 
tive theorizing makes some of these 
case reports difficult to follow, un- 
less you are one of this “in-group” 
of linguists. 

Most of the chapters have little to 
do with neurology or how the brain 
elaborates language but represent 
the scientific style of linguists and 
cognitive psychologists who ana- 
lyze single cases with theories from 
linguistics and information science 
with frequent ad hoc modification 
of these theories to explain the phe- 
nomena. Morphology, Phonology, and 
Aphasia is not recommended for the 
general neurologist but is of interest 
to those with linguistic training. 

ANDREW KERTESZ, MD 
London, Ontario 


Spinal Cord Dysfunction 


Edited by L. S. Illis, 225 pp, $72, New 
York, NY, Oxford University Press, 
1992. 


This is the second volume of a pro- 
posed three-volume series on spinal 
cord injury. The purpose of the book 
as stated by its editor is to “bring to- 
gether experts in various fields of treat- 
ment and management of abnormal 
function following a lesion or disease 
of the spinal cord.” However, rather 
than being a definitive treatise on one 
aspect of spinal cord dysfunction, it 
addresses a variety of issues that range 
from pathophysiological mechanisms 
of acute spinal cord injury to postin- 
jury bladder management. In addi- 
tion, although the editor states in his 
preface that there have been more 
studies in the last 10 years than in the 
preceding half century, most chapters 
include few references from the past 
5 years. Thus, the volume as produced 
is both incomplete and less than up to 
date. 

Section 1 deals with “acute-phase” 
issues. The first chapter reviews the 
problem of early surgical decompres- 
sion after spinal cord injury. Although 
the part dealing with early surgical 
decompression is reasonably updat- 
ed, those relating to pathophysiology 
of spinal cord injury and to problems 
of the experimental model could eas- 
ily have been written a decade ago. 

The chapter on the therapy of acute 
spinal cord injury does a good job of 
reviewing the role of methylpredniso- 
lone and the national acute spinal cord 
cooperative studies as well as the pro- 
posed pathophysiological role of free- 
radical-induced lipid peroxidation. 
However, some of the sections, such 
as that dealing with opiate receptor 
mechanisms, are surprisingly out of 
date and contain a number of mis- 
statements. For example, it is stated 
that findings with x-active opioid an- 
tagonists and thyrotropin-releasing 
hormone have not been confirmed by 
other laboratories, whereas multiple 
laboratories have published or report- 
ed similar observations. There is no 
discussion of serotonin antagonists or 
n-methyl-D-aspartate receptor antag- 
onists—both of which are areas of ac- 
tive research by a number of labora- 
tory groups. The latter omission is par- 
ticularly surprising given the consid- 
erable attention paid to the concept of 
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excessive calcium entry after injury. 
In addition, the potential therapeutic 
role of gangliosides, recently report- 
ed to improve outcome in human spi- 
nal cord injury, has not been ad- 
dressed. 

Chapter 3 deals with issues related 
to spinal cord blood flow and the ef- 
fects of early treatment and local cool- 
ing. Most of the references in this chap- 
ter are from the 1970s, with only a 
single reference since 1985. There is 
considerable anecdotal material pre- 
sented relating to early cooling of the 
spinal cord in humans, therapy that 
has not been effectively examined and 
is very unlikely to ever be used in 
human clinical care. 

Section 2 deals with specific clinical 
problems, including spasticity, cardio- 
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vascular abnormalities, bladder man- 
agement, pain, and sexual function. 
These chapters are generally adequate 
but sometimes spotty. The two chap- 
ters on pain are clearly overlapping. 
However, the chapters on bladder 
management and sexual function fol- 
lowing spinal cord injury provide 
good reviews of these clinically im- 
portant areas. 

Section 3 is devoted to behavioral 
therapy. The chapter entitled “Cur- 
rent Ideas on Motor Control and 
Learning” is interesting but seems to 
relate minimally to the rest of the text 
or to the overall objective of the series. 
The last chapter on rehabilitation is 
generally superficial. 

In this book, several important is- 
sues are either not addressed or ad- 


dressed inadequately. These include 
effects of injury on the respiratory sys- 
tem, on the gastrointestinal system, 
and on temperature control as well as 
issues related to skin integrity. Func- 
tional electrical stimulation is not ad- 
dressed, although the authors indi- 
cate it will be the subject of a future 
volume. 

In summary, Spinal Cord Dysfunc- 
tion reviews an important area that 
has seen major developments with re- 
gard to our understanding of patho- 
physiological mechanisms and treat- 
ment. Unfortunately, the book pro- 
vides, at best, a modest addition to 
the field of spinal cord injury. 

ALAN I. FADER, MD 
Washington, DC 
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` Being a patient advocate is what being a physician is all about: ~ 


Dr. Kevin Fullin, Cardiologist, Kenosha, Wisconsin, Member, American Medical Association 


Why would a cardiologist get involved in the issue agree more. We’re committed to focusing physician 
of family violence? Perhaps, because what he saw attention on the issue of family violence. 
simply cried out for action. You can get involved by joining Dr. Fullin in the AMA 
“Fully a third of all women’s injuries coming into and in his work with the AMA-sponsored National 
our emergency rooms are no accident,” says Dr. Fullin. Coalition of Physicians Against Family Violence. For 


While others were content to downplay the issue more information, call us now at 1-800-AMA-3211. 
of family violence, Dr. Fullin would not. He petitioned 


state officials, and through his efforts the first Domestic 
Violence Advocate Program in his state was created. American Medical Association 
“Organized medicine must serve as an advocate 
for patients,” stressed Dr. Fullin. 
The American Medical Association (AMA) couldn't 
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The Neuropsychology 
of the Cerebellum: An 
Emerging Concept 


To the Editor—I read with utmost 
interest Schmahmann’s article’ on the 
cerebellar contribution to higher func- 
tion. This article, however, seems to be 
incomplete. The association between 
cerebellar damage and mental or neu- 
ropsychologic disorders has some- 
times been mentioned in the literature, 
but no firm clinical and physiopatho- 
logic (cause-effect) relationships were 
documented in neurologic patients be- 
fore our article? was published in 1985, 
in which we emphasized the role of 
cerebellofrontal and cerebelloparietal 
pathways as anatomic substrata of the 
mild frontal and parietal-like syn- 
drome encountered in our patients. Af- 
ter publication of this article,” our lab- 
oratory undertook to answer the fol- 
lowing questions: (1) Which are the 
specific (if indeed they are) neuropsy- 
chologic disorders associated with 
well-delimited bilateral cerebellar 
damage (BCD) vs those found in pa- 
tients with unilateral cerebellar dam- 
age (UCD)’; (2) Which are the ana- 
tomic, metabolic, or neurochemical 
substrata subserving these disorders?; 
(3) Will neurobehavioral studies on 
mutant mice (started in our laboratory 
by Robert Lalonde, PhD) confirm our 
initial observations in humans? 

1. In our investigations,*° 73 pa- 
tients with well-delimited BCD or 
UCD and 74 control subjects matched 
for age, sex, and education were as- 
sessed via a comprehensive battery of 
tests exploring all basic neuropsycho- 
logic functions. The deficits were spe- 
cific, ie, by using composite scores to 
analyze different test results, we found 
three major deficits in BCD patients: 
(1) in visuospatial organization for 
concrete tasks, a function related to 
the cerebelloparietal loops; (2) in plan- 
ning and programming of daily ac- 
tivities, a function related to the cer- 
ebellofrontal loops; recent elegant and 
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more sophisticated studies enlarged 
this concept; and (3) in simple visual 
and auditory reaction time (RT) with 
both hands, reflecting a deficit in the 
speed of information processing. There 
was a highly significant relationship 
between performances on the Stan- 
dard Progressive Matrices of Raven 
and visual and auditory RT in pa- 
tients, but not in the control subjects.”* 

Our studies on BCD patients sug- 
gested that: (1) the cerebellum inter- 
feres indirectly with cognition through 
the cerebelloparietal and cerebello- 
frontal loops;**® and (2) it interferes 
directly with the speed information 
processing, being one of the major sub- 
cortical structures subserving this 
function.” 

In disagreement with recent hypoth- 
eses (reviewed by Schmahmann’), we 
did not find any verbal memory, ver- 
bal naming, or verbal learning deficits 
in BCD patients; also, no emotional 
disorders indicating the involvement 
of cerebellolimbic loops were noted. 
In our outpatient ataxia clinic, we are 
now following 140 cerebellar patients 
but none of them displayed a major 
psychiatric syndrome; minor reactive 
depression is sometimes encountered. 

Patients with well-delimited UCD 
(cerebellar infarcts) may, in the acute 
stage (1 to 30 days after the stroke), dis- 
play a lengthening of RT and a deficit 
on the Standard Progressive Matrices 
of Raven, a general intelligence test." In 
patients with chronic UCD (infarcts), 
there are no neuropsychologic and RT 
deficits compared with the control 
subjects. Our findings are in close 
agreement with experimental data 
pointing to the compensatory action of 
remaining intact cerebellar structures 
20 to 30 days after unilateral cerebellar 
experimental damage.” Some previous 
studies were biased by the fact that the 
neuropsychologic performances of 
cerebellar patients with hydroceph- 
alus and shunting procedures as well 
as those of patients with different eti- 
ologic factors (tumors, acute or chronic 
vascular-cerebellar infarcts) were ana- 
lyzed together.'*’* 


2. In one case, Schmahmann con- 
firmed our previous single-photon 
emission computed tomographic re- 
sults*™®! on cerebellocortical reversed 
diaschisis. Two points have to be con- 
sidered: (1) reduced HMPAO hexa- 
methylpropyleneamine oxime uptake 
in UCD is invariably accompanied by 
a diminution of HMPAO in the con- 
tralateral basal ganglia and frontopa- 
rietal cortex. This could explain why 
we found mild frontal-like and pari- 
etal-like syndromes in our BCD pa- 
tients; (2) this reversed diaschisis 
seems to pass mainly through the bas- 
al ganglia and exceptionally through 
the thalamus. We believe that despite 
the classic anatomic cerebellocortical 
pathways, which are involved in neu- 
robehavior, these single-photon emis- 
sion computed tomographic findings 
probably reflect the dopaminergic 
dentate — nucleus ruber — substan- 
tia nigra — striatum — cortical path- 
way described earlier.'* Many other 
facts support this point of view. First, 
RT is lengthened in dopamine-defi- 
cient animals." Second, homovanillic 
acid is low in the cerebrospinal fluid 
of BCD patients, ie, in olivopontocer- 
ebellar atrophy and Friedreich's atax- 
ia. Third, dopaminergic innervation 
of the cerebellum has recently been 
documented." 

3. The visuospatial difficulties en- 
countered in our BCD patients are per- 
haps related to deficits in spatial learn- 
ing tasks observed in mutant mice with 
cerebellar damage. These neuropsy- 
chologic studies performed on mu- 
tant mice since 1985 are summarized 
in a recent review."® 

To sum up, the neuropsychology of 
the cerebellum is an emerging concept, 
but caution is warranted when evalu- 
ating cause-effect relationships. Cau- 
tion was more or less exercised in some 
studies quoted by Schmahmann.' 

M. I. BOTEZ, MD, PHD 
Neurology Service 
Hotel-Dieu Hospital 
3840 St Urbain St 
Montreal, Quebec 
Canada H2W 1T8 
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In Reply.—I thank Botez for his com- 
ments. In attempting to establish a 
causal relationship between lesions of 
the cerebellum and disturbances of 
higher function, it is important to 
know the nature and extent of the cer- 
ebellar lesion and also the integrity of 
the cerebral hemispheres in any given 
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individual. This is particularly true in 
patients with degenerative cerebellar 
syndromes, because their cerebral 
hemispheres are frequently abnormal 
when studied post mortem. Similarly, 
it would seem that the study of intox- 
ications of the nervous system is sub- 
optimal because other regions of the 
cerebral hemispheres are likely to be 
affected as well. The neuropsychologic 
performance of patients with chronic 
unilateral cerebellar damage appears 
to be unimpaired, according to a pre- 
liminary report by Botez and Botez."' It 
would be helpful to know the lesion 
site in these patients, because behav- 
ioral manifestations in animals seem to 
vary depending on the part of the cer- 
ebellum afflicted. It would also be 
valuable to study patients with stroke 
in detail prior to their compensation 
for the deficits to establish the pattern 
of cognitive disturbance that may re- 
sult from cerebellar lesions. 

The observations of Botez and col- 
leagues on the navigational and spa- 
tial deficits in cerebellar mutant mice 
are supported by recent work? show- 
ing that rats subjected to cerebellar 
hemispherectomy have difficulty with 
visuospatial memory, and are consis- 
tent with the notion that the cerebel- 
lum is concerned with spatial func- 
tions. Deficits in verbal memory, ver- 
bal learning, and naming are unlikely 
to be overt in cerebellar patients. How- 
ever, the use of new techniques that 
image brain function and the devel- 
opment of new experimental ap- 
proaches to the organization of lan- 
guage have already implicated the cer- 
ebellum in language processing, as 
discussed in the article.’ Furthermore, 
the literature is replete with reports of 
affective disturbances in patients with 
cerebellar lesions, and our anecdotal 
experience agrees with this. This mat- 
ter is also in need of careful prospec- 
tive study. The single-photon emis- 
sion computed tomographic data from 
Botez’ group showing basal ganglia 
hypoperfusion in three of their four 
patients with unilateral cerebellar in- 
farctions is interesting and needs to 
be explained, but the pathway sug- 
gested is implausible. There is no 
appreciable projection from the red 
nucleus to the substantia nigra, and 
the dentatonigral projection, while 
present, is quite restricted. 

The associative and paralimbic cor- 
ticopontine pathways discussed in the 
article’ could potentially serve as a 


substrate for the cerebellar access to 
higher order information. Neverthe- 
less, these anatomic observations do 
not provide physiologic or functional 
information, and, in the discussion of 
their putative significance, it is im- 
portant to differentiate between hy- 
pothesis and conclusions. The hypoth- 
eses prompted by the new anatomic 
details invite physiologic and behav- 
ioral investigation in the clinic and in 
the laboratory. 

JEREMY D. SCHMAHMANN, MD 

Department of Neurology 

Massachusetts General 

Hospital 
Fruit Street 
Boston, MA 02114 
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The Brain Stem Viewed 
In Situ From Above 


To the Editor—The main point of our 
article published in the November 
1991 issue of the ARCHIVES was dem- 
onstrated in Fig 5"?'' showing the 
brain stem viewed in situ from above. 
The left oculomotor nerve origin, on 
the side of a large hemorrhage, was 
displaced medially causing the nerve 
to buckle over the clivus. The right 
oculomotor nerve was slack and had 
a small groove from the posterior com- 
municating artery. Figure 5, as pub- 
lished in the original article,’ was ap- 
parently too small for many readers 
to appreciate the pathoanatomy, and 
it is reprinted (Figure, see bottom of 
p 1231) in larger size. 

ALLAN H. ROPPER, MD 

Division of Neurology 

St Elizabeth’s Hospital 

736 Cambridge St 

Boston, MA 02135 


DOUGLAS COLE, MD 

DAVID N. Louis, MD 

Massachusetts General 
Hospital 

Fruit St 

Boston, MA 02114 
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Selegiline and Manic 
Behavior in 
Parkinson’s Disease 


To the Editor — Selegiline is known to 
produce a variety of behavioral side 
effects, including hallucinations, 
nightmares, and sleep disturbance. A 
sensation of increased energy may oc- 
curat doses greater than 10 mg/d.' Hy- 
pomania has been reported ina patient 
who received selegiline 5 mg twice 
daily immediately following adrenal- 
_ striatal transplantation, and it was at- 
tributed to the interaction between the 
two therapies.” We read with interest 
the letter by Boyson’ regarding psychi- 
atric effects of selegiline, and we want 
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to share our experience with two pa- 
tients in support of the occurrence of 
manic episodes as an adverse re- 
sponse to selegiline treatment. 
Report of Cases.—CASE 1.—A 62-year- 
old woman with Parkinson's disease of 
several years’ duration was being 
treated with carbidopa/levodopa, bro- 
mocriptine, trihexyphenadyl, and 
nortriptyline. Selegiline was added to 
treat wearing-off phenomena, begin- 
ning with 5 mg daily and increasing to 
5 mg twice daily. Within 7 months, her 
family noted that she seemed “driven” 
and was shopping and buying things 
without her usual restraint. Over the 
next month, she was described by her 
psychiatrist husband as “hypomanic 
and compulsive” and she had become 
intrusive and argumentative. Although 
advised to stop the selegiline, she con- 





tinued for another 2 months. A crisis then 
developed when she threw a catered 
party, unknown to her husband, and 200 
guests arrived at a cost of many thousands 
of dollars. The selegiline was stopped, and 
she has not had a recurrence of hy- 
pomanic behavior. 

CASE 2.—A 41-year-old man with Par- 
kinson’s disease and a prior history of co- 
caine abuse and erratic behavior, but no 
known manic episodes, was being treated 
with carbidopa/levodopa, fluoxetine, 
and bromocriptine. Erratic behavior had 
consisted of monthly disappearances of 2 
to 3 days at a time during which he would 
gamble and frequent prostitutes. Sele- 
giline was added to his therapy, and, 
within 3 months, he had a few-day epi- 
sode in which he stole his parents’ money 
and car and spent large amounts of money 
that he could ill afford. Selegiline treat- 
ment was stopped. Two months later, an- 
other spending spree occurred while not 
receiving selegiline treatment. At this 
point, his psychiatric diagnosis has not 
been further clarified. 

Comment.—Neither of our patients 
had a history of manic behavior. It is 
interesting that both had been treated 
with antidepressant agents, which 
have been associated with the devel- 
opment of mania, yet did not develop 
manic behavior until the addition of 
selegiline. Caution in the use of sele- 
giline in patients receiving an antide- 
pressant medication seems war- 
ranted. 


ROGER KURLAN, MD 
THERESA DIMITSOPULOS, MD 
Rochester, NY 
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View from above with vessels removed showing the course of both third nerves. The origin of the 
left-sided nerve is displaced medially, causing it to be angled over the clivus. The impression made 
by posterior cerebral artery pulls the proximal nerve down and traps it medially. The right-sided 
nerve is slack, causing passive buckling proximally, with a small anteromedial groove from the 
posterior communicating artery. 
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e Ten patients with relapsing-remitting multiple sclerosis 
were treated with intravenous immune globulin, 0.4 g/kg 
per day for 5 consecutive days, and then with additional 
booster doses of immune globulin of 0.4 g/kg, once every 2 
months, for the next 12 months. Ten untreated patients with 
relapsing-remitting multiple sclerosis who were matched 
with the study patients for age, disease duration, and num- 
ber of attacks per year served as controls. Immune globulin 
treatment was well tolerated, with no side effects. The ex- 
acerbation rate decreased from 3.7+1.2 exacerbations per 
year before treatment to 1.0+0.7 exacerbations per year 
during the treatment in the immune globulin-treated pa- 
tients, while it remained unaltered in the controls. The 
posttreatment Kurtzke Expanded Disability Status Scale 
score decreased from a mean of 4.45 to 4.15, whereas in 
controls it increased from 3.55 to 3.75. The results suggest 
that immune globulin suppresses the ongoing pathologic 
process in multiple sclerosis and may be a promising treat- 
ment to prevent disease exacerbations. 
(Arch Neurol. 1992;49:1233-1236) 


i aoe is no effective therapy to prevent exacerbations 
and disease progression in multiple sclerosis (MS).' 
It is believed that autoimmune mechanisms play an 
important role in the pathogenesis of central nervous sys- 
tem demyelination in MS.** Numerous immunologic ab- 
normalities have been identified in patients with MS, 
including increased immunoglobulin levels with oligo- 
clonal bands in the cerebrospinal fluid; reduction in the 
number of suppressor T cells and loss of suppressor func- 
tion; the presence of activated T cells in the peripheral 
blood and the migration of inducer-effector cells into the 
central nervous system to initiate the disease process; en- 
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hanced expression of class II major histocompatibility 
complex, which results in increased immune reactivity; 
and altered autologous mixed lymphocytic response to 
myelin basic protein—coated target cells.’ 

Intravenous immune globulin has been used to treat au- 
toimmune disorders, such as idiopathic thrombocytopenic 
purpura, autoimmune hemolytic anemia, immune neutro- 
penia, aplastic anemia, and rheumatoid arthritis.”* Treat- 
ment with immune globulin has also been tried success- 
fully in autoimmune neurologic disorders, such as 
myasthenia gravis and acute and chronic inflammatory 
demyelinating radiculoneuropathies.”'® Immune globulin 
has been reported to increase the number of T-suppressor 
cells in myasthenia gravis,” an effect that might be impor- 
tant also in MS. Another important effect of immune glob- 
ulin is its ability to hinder the immune response by mask- 
ing recognition of class II major histocompatibility 
complex (D/DR), which is frequently expressed in au- 
toimmune disorders.” 

Treatment with immune globulin as an immune modu- 
lator in MS might be used as a strategy to alter the grave 
course of the disease. We therefore conducted a prelimi- 
nary open study to examine the safety and possible efficacy 
of treatment with immune globulin during 1 year of 
follow-up in patients with the relapsing-remitting form of 


PATIENTS AND METHODS 
Patient Selection 


From a group of 120 patients with MS followed up at the Neu- 
rology Department of Beilinson Medical Center, Petah-Tiqva, Is- 
rael, or the Neurology Department of Wolfson Medical Center, 
Holon, Israel (both tertiary referral centers), 63 patients fulfilled 
the criteria for the relapsing-remitting form of the disease.” From 
this group of patients with relapsing-remitting MS, 36 patients 
fulfilled the following inclusion criteria: age range of 20 to 55 
years, an above-average exacerbation rate consisting of at least 
two well-documented episodes of exacerbation per year in the 2 
years before entering the study, a score no higher than 6 (ambu- 
latory with assistance) on the Kurtzke Expanded Disability Sta- 
tus Scale (EDSS), emotional stability and no severe cognitive 
impairment as determined by neuropsychological evaluation, no 
corticosteroid therapy for at least 1 month and/or other immu- 
nosuppressive drugs during the previous year, no history of ana- 
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Table 1.—Basic Clinical Features of Patients 
With MS Treated With Intravenous Immune 
Globulin and MS Controls* 


Patients Treated 
With Immune 
Globulin 
(N=10) 









Untreated 
Controls (N=10) 










Age, y 











Mean+SD 39.8+10.5 41.7+5.8 

Range 21-53 36-54 
Disease duration, y 

Mean+SD 9527.3 8.0+4.9 

Range 2-22 3-16 
Exacerbations/y 

Mean+SD 3721.2 3.314 

Range 2-6 2-6 

Total No. 37 33 
Severity of exacerbations, No. 

Mild 6 5 

Moderate 12 11 







19 


Kurtzke EDSS score before treatment 
Mean+SD 4.45+1.9 353521:6 
Range 1.5-6 1.5-6 


*Differences between groups were consistently nonsignificant (Stu- 


Severe 











= dent's ttest). MS indicates multiple sclerosis; EDSS, Expanded Disability 


Status Scale. 


phylaxis after previous transfusions of blood or blood products, 
and no laboratory evidence of IgA deficiency evaluated by plasma 
immunoelectrophoresis. These patients were further subjected to 
a matching procedure that yielded two groups of 10 patients each. 
The matching procedure took into consideration the following 
clinical factors: age, disease duration, number of exacerbations 
per year, and Kurtzke EDSS score (Table 1). The yearly exacerba- 
tion rate was the most important factor in yielding the matched 
pairs of patients. One of the groups was then randomly assigned 
to receive immune globulin treatment, while the other served as 
untreated controls. This restricted randomization" ensures that 
numbers allocated to different treatments are equal at various 
stages. Informed consent was obtained from all patients, and the 
study protocol was approved by the Medical Ethics Committee on 


_ Clinical Investigations of the Beilinson Medical Center. 


Immune Globulin Treatment 


Immune globulin (Gamimune N, Miles Inc, Cutter Biological, 
Promedico, Israel) in a sterile 4.5% to 5.5% solution of human 
protein in 9% to 11% maltose was given intravenously once daily 
for 5 consecutive days at a dose of 0.4 g/kg per day in the begin- 
ning of the study. Thereafter, patients were further treated intra- 
venously with booster doses of immune globulin, 0.4 g/kg per 
day, for one day once every 2 months for the next 12 months. 


Clinical Evaluation 


Pretreatment Screening Evaluation.—The diagnosis of MS 
was reviewed and confirmed if necessary so that only patients 
with definite MS were enrolled. Disease history, physical and 
psychiatric status evaluation, and neurologic examination using 
the Kurtzke EDSS were recorded at the time of screening and on 
entry of patients into the study. Routine urinalysis, complete 
blood cell count and chemistry, serologic survey for human 
T-lymphotropic virus type I, human immunodeficiency virus, 
and hepatitis B, and immunoelectrophoresis were performed at 
entry and at each 3-month visit. 

Evaluation During Treatment.—Patients were examined im- 
mediately before starting the treatment, 10 days after termination 
of the first treatment, and once every month thereafter. “Un- 
blinded” neurologic examinations were carried out by one exam- 
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iner (A.A.). Three other neurologists (R.G., C.R.G., and I.Z.) un- 
aware of the patient’s study group also carried out a detailed 
neurologic examination and status evaluation. These neurologists 
were not involved with the administration of treatment. Examin- 
ers followed up the same patients sequentially and were not per- 
mitted to look at their previous ratings when conducting an eval- 
uation throughout the study period. When evaluating the degree 
of interrater variability, we found perfect agreement in 76% and 
agreement within one step (a difference of 0.5 point on the EDSS 
and 1.0 on functional systems) in 93%. Specific evaluation of the 
data during acute exacerbations revealed perfect agreement in 
86% and agreement within one step in 97%. 

Evaluation of Exacerbations.—Patients were also seen at the 
times of suspected exacerbations, ie, when reporting the rapid 
onset of new symptoms or a worsening of preexisting symptoms 
that persisted for 48 hours or more. An event was counted as an 
exacerbation only when the patient’s symptoms were accompa- 
nied by observed objective changes on the neurologic examina- 
tion involving an increase of at least one grade in the score for one 
of the eight functional systems of the Kurtzke EDSS.” A patient 
was required to remain stable for a subsequent change to qualify 
as a new exacerbation for at least 1 month.” Patients experienc- 
ing an acute exacerbation were examined at frequent intervals, 
usually every week, until a new, stable neurologic baseline was 
established. 

The visit patterns were comparable in the two groups of 
patients; however, since the untreated patients had more relapses, 
they had more visits during the study period. Exacerbation 
severity was evaluated as follows: (1) mild, change in one grade 
in the score for one of the eight functional systems of the Kurtzke 
EDSS; (2) moderate, change in two grades in the score for one of 
the eight functional systems of the Kurtzke EDSS or change in one 
grade in the score for two of the eight functional systems of the 
Kurtzke EDSS; and (3) severe, change in two grades in the score 
for at least two of the eight functional systems of the Kurtzke 
EDSS.” The severity of exacerbations in the year before entry into 
the trial was compared between the groups by creation of a scor- 
ing system that took into consideration the number of exacerba- 
tions each patient had in the year before entry into the trial and 
the severity of each exacerbation graded 1 to 3, for mild to severe, 
respectively. For example, if a patient had three exacerbations, 
one mild, one moderate, and one severe, the score was 6 
([1x1]+[12]+[1x3]). The same method was used for compar- 
ing the exacerbations’ grading severity before and after treatment 
in each group and between the groups. Severe and moderate ex- 
acerbations in either group were treated with intravenous meth- 
ylprednisolone (1 g/d) and oral prednisone (60 mg/d), respec- 
tively, for 5 consecutive days. Mild exacerbations were not 
treated. 


Statistical Methods 


For each patient, the changes in the number of exacerbations 
and in the Kurtzke EDSS score before and after 1 year of treatment 
were evaluated by paired t test. Intergroup differences in these 
variables were tested by unpaired t test (when normal distribu- 
tion was observed) or by Mann-Whitney U test. Difference 
between the two groups in occurrence of more than one exacer- 
bation per year was evaluated by Fisher’s Exact Test. 


RESULTS 


The clinical characteristics of the patients included in the 
study are summarized in Table 1. Age, disease duration, 
severity, and frequency of exacerbations per year were 
similar in the immune globulin-treated and control 
groups. 

During the study period, there was a significant reduc- 
tion in exacerbations among the immune globulin-treated 
patients, resulting in a total of 10 exacerbations, while in 
the untreated patients with MS there were 30 exacerba- 
tions. The calculated average yearly exacerbation rate be- 
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Table 2.—Number and Severity of Acute 
Exacerbations* 


Patients 
Treated 


















Untreated 


With Immune Controls Intergroup 
Acute Globulin With MS Difference, 
Exacerbations (N=10) (N=10) P 








Before treatment, No./y 


Mean+SD 37FE12 3.3+1.4 NS 
Total 37 33 

During 12 mo of treatment, No. 
Mean+SD 1.0+0.7 3.0+1.6 <.001 
Total 10 30 

Intragroup difference, P <.001 NS 

Severity, No. 
Mild 3 4 <,.001 
Moderate 6 10 
Severe 1 16 

Frequency of exacerbations 
<1 8 1 <.001 


>1 


*MS indicates multiple sclerosis; NS, not significant. 


fore the treatment, 3.7+1.2, decreased to 1.0+0.7 after 12 
months (P<.001) in the immune globulin-treated patients 
with MS, whereas it remained unchanged in the control 
patients (before, 3.3+1.4; after, 3.0+1.6) (Table 2). Of the 10 
immune globulin-treated patients, two (20%) had no 
exacerbations, six had one exacerbation, and two had two 
exacerbations during the 12-month trial period. In the 
control group, one patient was exacerbation free, two had 
two exacerbations, five had three exacerbations, and two 
patients had more than three exacerbations during the pe- 
riod of the study (Table 2). 

Corticosteroid treatment was given in seven of the 10 
exacerbations in the immune globulin-treated group; one 
patient with an exacerbation severity grade of 3 received 
intravenous methylprednisolone, and the others, with a 
severity grade of 2, were treated with oral prednisone. 
Twenty-six of the 30 exacerbations in the control group 
were treated. Intravenous methylprednisolone was given 
in 16 exacerbations (53.3%) with a severity grade of 3, and 
oral prednisone was given in 10 exacerbations (33.3%) with 
a severity grade of 2 (Table 2). The severity of exacerba- 
tions, which was similar in both groups before entry to the 
trial (Table 1), was significantly reduced in the immune 
globulin-treated patients as compared for the prestudy 
and poststudy periods (P<.05), and also as compared for 
the poststudy period with the untreated control group 
(Table 2). This finding implies that treatment not only re- 
duced the number of exacerbations but also decreased the 
extent of neurologic involvement. 

During the 12-month study period, immune globulin- 
treated patients with MS improved by an average of 0.3 
Kurtzke unit, while untreated control patients worsened 
by 0.2 unit (Table 3). The improvement in the immune 
globulin-treated group as well as the aggravation in the 
control group as compared with their scores before the 
treatment was not statistically significant (P=.11 and 
P=.545, respectively; Table 3). Three patients (30%) in the 
immune globulin-treated group showed improvement in 
their Kurtzke EDSS scores after 1 year of treatment; the 
other seven patients (70%) showed no change in their 
scores. In the control untreated group, three patients had 
improvement in their Kurtzke EDSS scores, two showed 
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Table 3.—Kurtzke EDSS Score Before and During 
immune Globulin Treatment* 


Patients Treated 
With Immune 
Globulin (N=10) 











Untreated Controls 
With MS (N=10) 


Kurtzke 
EDSS Score 








Before treatment 


Mean+SD 4.45+1.9 3.55213.5 
Range 1.5-6 1.5 

12 mo after treatment 
Mean +SD AIIE 3.75+1.9 
Range 1-6 2-6 


—0.3+0.54 +0.2+1.01 


*EDSS indicates Expanded Disability Status Scale; MS, multiple scle- 
rosis. 





Change, mean+SD 





no change, and five showed deterioration. No side effects 
of immune globulin were recorded during the study, and 
treatment was well tolerated. 


COMMENT 


Our results show a significant reduction in exacerbation 
rate in patients with relapsing-remitting MS treated with 
immune globulin for 1 year. Immune globulin also pro- 
duced improvement or stabilization of the functional neu- 
rologic status for this period and was well tolerated, with 
no side effects. The untreated patients with MS had the 
same yearly exacerbation rate and had worsened clinical 
neurologic status during the study period. When exacer- 
bations appeared in immune globulin-treated patients, 
they tended to be mild or moderate, while in the untreated 
patients, exacerbations were scored mainly as severe; thus, 
immune globulin treatment not only reduced the number 
but also decreased the severity of exacerbations. 

If indeed its effectiveness is eventually verified, several 
hypothetical mechanisms may explain the observed ben- 
efit of immune globulin treatment in relapsing-remitting 
MS. One possibility is that immune globulin can influence 
immunologic activity by idiotypic interactions involving 
antibodies and lymphocytes.” Since in MS the emergence 
of pathologic autoimmunity may result from an unregu- 
lated expansion of autoreactive clones associated with de- 
creased or defective lymphocytic activity,“ the beneficial 
effect of immune globulin prepared from large pools of 
normal donors may depend on idiotypic—anti-idiotypic 
interactions. Recent experiments indicate that immune 
globulin may bind to the antibody-combining site of mon- 
oclonal and oligoclonal polyspecific IgM autoantibodies 
secreted by Epstein-Barr virus—transformed B cells from 
normal donors.” 

These observations may be of potential relevance to im- 
munomanipulation of MS, since they raise the possibility 
that immune globulin may also influence T cells with re- 
sultant regulation of autoimmunity. Antigen-specific re- 
ceptors of T cells bear many structural similarities to im- 
munoglobulins.” It has been shown that injection of a 
monoclonal antibody specific for the predominant T-cell 
receptor VB8 chain can reduce the incidence of experi- 
mental autoimmune encephalomyelitis in mice.” It can be 
assumed that the pooled immunoglobulins in immune 
globulin is directed against and inhibits specific epitopes 
of the T-cell receptor with consequent loss of T-cell recep- 
tor recognition and enhanced major histocompatibility 
complex binding, thus preventing acute exacerbations of 
MS. Alternatively, immune globulin, which can also pen- 
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etrate the blood-brain barrier, may block the interaction 
of a cytopathic T cell with its central nervous system tar- 
get, possibly by preventing complement activation,” and 
thereby suppress destruction of white matter. A recent 
study” reported that remyelination of central nervous 
system axons was promoted by systemic injection of serum 
IgG in mice infected with Theiler’s murine encephalomy- 
elitis virus, which causes immune-mediated chronic pro- 
gressive demyelination. These findings raise the possibil- 
ity that immune globulin may also influence myelin repair. 

We emphasize that the present study was a preliminary 
trial that involved an open design with a relatively short 
follow-up period, and therefore only limited conclusions 
about efficacy can be drawn. However, the significant de- 
crease in the number of exacerbations in the immune 
globulin-treated patients with relapsing-remitting MS and 
the lack of side effects of treatment are promising. Further 
evaluation of this therapeutic approach is therefore war- 
ranted in a larger group of patients in a double-blind, ran- 
domized, placebo-controlled study, to determine whether 
it can indeed prevent exacerbations and perhaps also dis- 
ease progression. 


We are grateful to Miles Inc for providing intravenous immune 
globulin for this study. 
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Quality of Life in Multiple Sclerosis 


Comparison With Inflammatory Bowel Disease and Rheumatoid Arthritis 


Richard A. Rudick, MD; Deborah Miller, LISW, PhD; John D. Clough, MD; Lisa A. Gragg, MS; Richard G. Farmer, MD 


e Multiple sclerosis (MS) and other chronic illnesses can 
drastically decrease quality of life (QOL), but there has been 
little systematic study of QOL in patients with chronic 
medical diseases. We analyzed QOL in 68 patients with MS, 
164 patients with inflammatory bowel disease, and 75 pa- 
tients with rheumatoid arthritis. The previously validated 
test instrument was a standardized interview consisting of 
41 questions clustered in four subscales: functional and 
economic scale, social and recreational scale, affect and life 
in general scale, and medical problems scale. Patients were 
included in the study if they had a definite medical diagno- 
sis and disease duration of 10 years or longer. In the patients 
with MS, Kurtzke’s Expanded Disability Status Scale corre- 
lated strongly only with the medical problems score. Of 
Kurtzke’s Functional System Scales, only the visual Func- 
tional System Scores was correlated with total QOL and 
subscale scores, suggesting that vision is strongly related to 
QOL. Duration of MS was unrelated to QOL scores. There 
were significant differences between patients with MS, in- 
flammatory bowel disease, and rheumatoid arthritis on the 
subscale and total QOL scores. Results suggested that QOL 
was best in the inflammatory bowel disease group and worst 
in the MS group. Numerous statistically significant differ- 
ences on individual questions were evident, suggesting that 
unique clinical profiles differentially characterize these 
diseases. Assessments of QOL are a meaningful addition to 
impairment scales, such as Kurtzke’s Expanded Disability 
Status Scale. Furthermore, QOL scores may meaningfully 
measure the impact of a chronic medical disease, such as 
MS, compare the impacts of different diseases, and assess 
the effects of therapeutic intervention. 
(Arch Neurol. 1992;49:1237-1242) 


Mie: sclerosis (MS) and other chronic illnesses can 
dramatically alter the quality of life (QOL) experi- 
enced by an afflicted person or his or her family. Somatic 
symptoms may reduce social interaction and recreational 
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opportunities, there may be an impact on educational or vo- 
cational attainment or loss of employment over time, and sat- 
isfaction with life may be decreased or absent in the face of 
severe chronic illness. Family life may deteriorate or disin- 
tegrate, economic status may decline, and a person with 
chronic illness may suffer numerous losses when no longer 
able to maintain gainful employment, drive, ambulate, pre- 
pare meals, care for the home, manage toileting and hygiene, 
or maintain roles such as parent or spouse. Thus, the impact 
of a chronic medical disease on the individual and society 
goes far beyond direct medical consequences. 

Although there has thus far been little systematic study 
of QOL in chronic medical diseases, a quantitative measure 
would serve numerous purposes. For example, a QOL 
measure could be used to determine the severity of illness 
within the context of an individual and family circum- 
stance, to measure the aggregate impact of a particular 
disease in a realistic fashion, to compare the impact of dif- 
ferent diseases, and to determine the effect of intervention 
in a meaningful way. 

We assessed and compared QOL in patients with several 
common chronic medical diseases—MS, inflammatory 
bowel disease (IBD), and rheumatoid arthritis (RA)—and 
determined disease correlates of QOL scores in the MS 
group. For this purpose, we used a standardized disease- 
nonspecific test instrument developed to evaluate QOL for 
persons with chronic illnesses. 


SUBJECTS AND METHODS 
Study Aims 


Specific aims of this study were to (1) use a new QOL index in 
a randomly selected cohort of patients with MS; (2) compare QOL 
index scores in patients with MS with scores from patients with 
other chronic illnesses, namely, patients with IBD and RA; and 
(3) determine correlates between selected disease characteristics 
and QOL index score in patients with MS. 


QOL Scale 


A QOL scale, the Farmer QOL Index (subsequently referred to 
as the QOL scale), was developed by one of us (R.G.F.) at The 
Cleveland (Ohio) Clinic Foundation in 1988. It was originally used 
with a population of patients with IBD.' The QOL scale as orig- 
inally published consists of 47 questions that are grouped into 
four clusters: (1) functional and economic subscale (12 questions), 
(2) social and recreational subscale (15 questions), (3) affect and 
life in general subscale (11 questions), and (4) medical problems 
subscale (nine questions). 
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As described by Farmer and colleagues,’ the original scale was 
validated in the following manner. The QOL scale was adminis- 
tered to each of 23 patients with IBD (six with ulcerative colitis 
and 17 with Crohn’s disease) on two occasions within a 2-week 
period by different interviewers and was found to have high 
test-retest and interrater reliability. Spearman correlation coeffi- 
cients ranged between .75 and .95 for individual test items.' The 
QOL scale was also compared with the Symptom Impact Profile 


Table 1.—Farmer Quality of Life Index as Modified 
for Our Study 


Subscale No. of Questions 


Functional and economic 12 


Social and recreational 14 
















Affect and life in general 11 
4 








Medical problems 





in patients with IBD and was found to have a high level of 
correlation. 

The QOL scale was administered as a structured interview in 
which each question was posed with the response rated on a 
five-point scale. One end of the scale represented the best 
response and the other end represented the worst response. The 
direction of the response was varied in a standardized format in 
the interview; responses were subsequently reordered so that 1 
always represented the worst response and 5 represented the best 
response. The entire QOL scale was then summed to render an 
overall score, and each subscale was independently summed to 
render subscale scores for each patient. 

For the current study, the QOL scale was used as originally de- 
scribed with the elimination of six items. One question was de- 
leted from the social and recreational subscale because the elicited 
response could not be coded on a five-point scale. Five questions 
were omitted from the medical problems subscale because they 
were applicable to IBD but not to MS or RA. Therefore, the QOL 
scale used consisted of 41 questions (Tables 1 through 5). The in- 
strument required 15 to 30 minutes per patient to complete. 


Table 2.—Mean Scores for Functional and Economic Subscale Questions* 


Questions 


| have been able to fulfill my educational goals 


| am able to support myself and my family 


| am receiving financial support from a source other than employment 


| am having difficulty getting insurance 

| feel that | am able to get through each day as well as others 
My earnings are as good as others in similar jobs or activities 
My disease has made it difficult for me to obtain a job 

My symptoms interfere with my job or activities 


In comparing myself to others, | feel | have less energy 


| am able to carry out my regular activities in a way satisfying to me 


MS Group IBD Group RA Group 
3.0 


2.3 
2.4 
29 
3.1 
ane 
| rg 
2.6 
2.1 
2.8 


| feel | have been able to move ahead in my job and family responsibilities 2.4 


My growth and physical development were affected by my illness 


3.4 





*MS indicates multiple sclerosis; IBD, inflammatory bowel disease; and RA, rheumatoid arthritis. 


tSignificantly different from MS group (P<.017). 
#Significantly different from IBD group (P<.017). 


Table 3.—Mean Scores for Social and Recreational Subscale Questions* 


Questions 


| am able to enjoy activities with my family 

| have someone to talk to about the way | feel 

| feel isolated because of my disease 

| canceled an activity this past month because of symptoms 
| feel frightened by the future 

| participate in social activities with friends 

| can depend on my family or friends for support 


| am able to participate in a recreational or sport activity regularly 


MS Group IBD Group RA Group 


| belong and participate regularly in a club, church, or professional organization 


| feel satisfied with my relationship with my spouse or significant other 


| feel satisfied about the way | participate in family activities 


My disease has made it difficult for me to have a family 


My condition has made it difficult for me to share intimate relationships 


| participate in a hobby or special interest in addition to other tasks 





*MS indicates multiple sclerosis; IBD, inflammatory bowel disease; and RA, rheumatoid arthritis. 


tSignificantly different from MS group (P<.017). 
Significantly different from IBD group (P<.017). 
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Table 4.—Mean Scores for Affect and Life in General Subscale Questions* 


Questions 


| have made plans for things to do next month 


Most of the time | sleep through the night 


| have made plans for things I'll be doing a year from now 


My life is going along pretty much as | had planned 


When compared with other persons of my age, | feel pleased with my 


accomplishments 
| feel frustrated with my health problems 
| look forward to each day 


| frequently worry about my health 


MS Group IBD Group RA Group 


In comparison to other people, | feel | become more easily discouraged 


| find that | need mood elevating medications to help get me through the day 


Others see me as chronically ill 





*MS indicates multiple sclerosis; IBD, inflammatory bowel disease; and RA, rheumatoid arthritis. 


tSignificantly different from MS group (P<.017). 
Significantly different from IBD group (P<.017). 


never) 
| take medications (1, regularly; 5, occasionally) 


| take prednisone at least once a day (1, yes; 2, no) 


Table 5.—Mean Scores for Medical Problems Subscale Questions* 





Questions MS Group IBD Group RA Group 
| would describe my general physical condition in comparison to others as... 3.0 4.1t 2.94 
(1, poor; 5, good) 
My symptoms significantly affect the way | function each day (1, constantly; 5, 2.3 3.9t 2.4+ 














1.9 1.77 1.1 


*MS indicates multiple sclerosis; IBD, inflammatory bowel disease; and RA, rheumatoid arthritis. 


tSignificantly different from MS group (P<.017). 
Significantly different from IBD group (P<.017). 


Table 6.—Characteristics of the Patient Groups* 


MS RA IBD 
Group Group Group 
(n=68) (n=72) (N=162) 


Age, y 42+7.4 46+7.6 32+6.3 
% Female 75.6 88 48.1 <.0001+4 
187.3 14+4.3 132.6 <.0001t 


*MS indicates multiple sclerosis; RA, rheumatoid arthritis; and IBD, 
inflammatory bowel disease. 

tAnalysis of variance. 

#y* analysis. 


<.0001T 


Disease duration, y 





Subjects 


Research participants were selected randomly from the regis- 
tries of patients attending the subspecialty clinics at The Cleve- 
land Clinic Foundation. Patients with definite diagnoses of IBD, 
RA, and MS of 10 years’ duration or longer were studied. The 
study group included 162 patients with IBD, 75 patients with RA, 
and 68 patients with MS. Attempts to establish rigorous compar- 
ative severity of illness categories among the three groups proved 
difficult. Consequently, group comparisons of disease severity 
were not included in subsequent statistical analyses. 


Methods of Analysis 


For comparison of the three disease groups, categorical data 
were analyzed with the x’ test; continuous variable data were an- 
alyzed with either analysis of variance followed by the t test for 
pairwise comparisons or the Kruskal-Wallis test followed by the 
Wilcoxon Rank-Sum test for pairwise comparisons. Analysis of 
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covariance was used to test the effect of age, gender, and disease 
duration on QOL results. For overall tests, the significance level 
used was P<.05; for pairwise comparisons of the three disease 
groups, the adjusted significance level was P<.0167. Correlation 
coefficients were calculated to determine the effect of disease 
characteristics in the MS group on QOL scale scores. 


RESULTS 
Characteristics of the Patient Populations 


Compared with the patients with MS or RA, subjects 
with IBD were younger and included more men. Duration 
of disease was longer in patients with MS than in those 
with IBD or RA. Forty five (66%) of 68 patients with MS 
completed formal education beyond high school, which | 
was not significantly different from that in patients with 
IBD but was significantly higher than in patients with RA. 
Sixty-six percent of the patients with MS were married, and 
17.6% were divorced. Far fewer patients with MS were 
employed at the time of the survey compared with those 
with IBD or RA (Table 6). 


Group Comparisons 


Table 2 shows the functional and economic subscale 
questions and the results of group comparisons. Eleven of 
the 12 questions showed significant between-group differ- 
ences. Question 4 (“I am having difficulty getting insur- 
ance”) was not different between groups. Significant dif- 
ferences between the MS and IBD populations were 
identified for 10 of the 12 questions in this category. In each 
case, patients with MS had lower (worse) scores than those 
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. | Table 7.—Median Quality of Life (QOL) Subscale and Total Scores* 


MS Group Score 


Functional and economic subscale score 


Social and recreational subscale score 


Affect and life in general subscale score 


Medical problems subscale score 


QOL total score 


IBD Group Score 





RA Group Score Pt 


MS vs IBD, <.0001 
RA vs IBD, <.0001 
MS vs RA, .03 


MS vs IBD, <.0001 
RA vs IBD, <.0001 
MS vs RA, .08 


MS vs IBD, <.0001 
RA vs IBD, <.0001 
MS vs RA, .25 


MS vs IBD, <.0001 
RA vs IBD, <.0001 
MS vs RA, .77 


MS vs IBD, <.0001 
RA vs IBD, <.0001 
MS vs RA, .07 


*MS indicates multiple sclerosis; IBD, inflammatory bowel disease; and RA, rheumatoid arthritis. 


tWilcoxon Rank-Sum test, P=.0167 is significant. 


Table 8.—Analysis of Covariance for Disease 


Type, Gender, Age, and Disease Duration: 


Effects on Quality of Life (QOL) Index* 


Functional and 
Economic 


Disease type 
Gender 

Age 
Duration 


*Values are P values. 


Social and 
Recreational 





Subscale 


Affect and Life 


in General Medical Problems 


Table 9.—Correlations Between Quality of Life (QOL) and Kurtzke Expanded Disability Status Scale (KEDSS) or 
Duration of Multiple Sclerosis (MS)* 


Functional and 
Economic 


QO Lrotal 


KEDSS 
MS duration 


*Values are Spearman correlation coefficients and P values. 


in the IBD group. There were significant differences 
between the RA and IBD groups (RA worse than IBD) for 
10 of the 12 questions. There were significant differences 
between the MS and RA groups for only four of the 12 
questions (questions 2, 3, 6, and 7). The aggregate score for 
this subscale (Table 7) was 52 for patients with IBD, 35 for 
patients with RA, and 29 for patients with MS. These dif- 
ferences reached statistical significance between the MS 
and IBD groups and between the RA and IBD groups. 
There was no significant difference between the MS and 
RA groups after adjusting the significance level for multi- 
ple comparisons (Tables 2 through 5 and Table 7). 

There were many significant differences on the social 
and recreational subscale as well (Table 3). Of 14 questions 
included in the subscale, 10 demonstrated significant dif- 
ferences between the MS and IBD groups, nine showed 
significant differences between the RA and IBD groups, 
and two demonstrated significant differences between the 
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Social and 
Recreational 





Subscale 


Affect and Life 


in General Medical Problems 


RA and MS groups. The aggregate subscale score was 61 
for patients with IBD, 51 for patients with RA, and 45 for 
patients with MS. The differences in subscale scores 
reached significance between the MS and IBD groups and 
between the RA and IBD groups, but not between the MS 
and RA groups. 

Of 11 questions on the affect and life in general subscale 
(Table 4), nine questions revealed significant differences 
between the MS and IBD groups, five revealed significant 
differences between the RA and IBD groups, and two re- 
vealed significant differences between the MS and RA 
groups. The aggregate scores for this subscale were 46 for 
patients with IBD, 39 for patients with RA, and 37.5 for 
patients with MS. The differences between the MS and IBD 
groups as well as between the RA and IBD groups were 
significant, but the difference between the MS and RA 
groups was not. 

On the medical problems subscale questions (Table 5), 
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Table 10.—Correlations Between Quality of Life (QOL) and Kurtzke Functional System Scales* | 


Functional and 


QOL sotai Economic 


Pyramidal 


Cerebellar 
Brain stem 
Sensory 
Bladder 
Visual 


*Values are Spearman correlation coefficients and P values. 


responses to all four questions demonstrated significant 
differences between the MS and IBD groups, three showed 
significant differences between the RA and IBD groups, 
and one indicated a significant difference between the MS 
and RA groups. The aggregate scores were 10 for patients 
with IBD and 7 for patients with MS and RA. As with the 
other subscales, the differences between the MS and IBD 
groups as well as the difference between the RA and IBD 
groups were significant, but the difference between the MS 
and RA groups was not. 

The median total scores for the QOL scale were 168 for the 
IBD group, 130 for the RA group, and 119.5 for the MS group. 
Thus, overall the MS group had the worst scores on this QOL 
measure and the IBD group had the best scores. The differ- 
ences were significant between the MS and IBD groups and 
the RA and IBD groups, but not between the MS and RA 
groups. 

Analysis of covariance that included all members of the 
study population was used to explore the effects of disease 
type, gender, age, and duration of disease on the observed 
between-group variance (Table 8). For the subscale scores 
and the aggregate scores, there was no significant effect of 
age or duration of disease on the QOL scale. There were sig- 
nificant effects of gender and disease type for total score and 
for each subscale score of the QOL scale. For each disease 
group, QOL scale scores were worse for women than for 
men. However, for both women and men, QOL scale scores 
were poorest in the MS group and best in the IBD group. This 
suggests that disease type was the primary determinant of 
QOL scale score. 


MS Disease Characteristics and QOL Correlations 


The distribution of levels of physical disability was mea- 
sured by Kurtzke’s Expanded Disability Status Scale 
(KEDSS)’ in the MS population. Thirty-three of the patients 
with MS (49%) were ambulating without assistance (KEDSS, 
<5), 12 patients (18%) were ambulating with unilateral or bi- 
lateral assistance (KEDSS, 6 to 6.5), and 23 patients (34%) 
were unable to ambulate (KEDSS, =7) (Table 9). 

There were no significant correlations between QOL 
scale scores and MS disease duration. However, the corre- 
lation between the KEDSS score and QOL scale total score 
was significant as were the correlations between the 
KEDSS score and two of the four subscale scores, func- 
tional and economic subscale score and medical problems 
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Social and 
Recreational 





Subscale 


Affect and Life 


in General Medical Problems 


subscale score. Review of correlations between compo- 
nents of the Kurtzke Functional System Scores and the 
QOL scale scores provided additional information about 
disease characteristics that affect QOL for persons with 
MS. The scores on the pyramidal subscale, the brain-stem 
subscale, and the visual Functional System Scores were 
inversely correlated with the QOL scale scores, suggesting 
that the pyramidal tract, the brain stem, or visual impair- 
ment had a negative impact on QOL. The strongest corre- 
lations were between the visual subscale and the QOL scale 
scores (Table 10). 


COMMENT 


The results presented herein suggest that different 
chronic medical diseases have a distinctly different impact 
on QOL. Stewart et al’ studied a large sample of individ- 
uals with chronic diseases selected from the general med- 
ical population. They clearly demonstrated that patients 
with multiple conditions showed greater decrements in 
functioning and well-being than those who suffered from 
only one condition. In addition, they determined that heart 
disease and gastrointestinal disorders were the individual 
conditions that had the greatest impact on QOL. People 
with MS and RA were not included in the study, probably 
because the sample was selected from the general medical 
population. We found that, overall, MS had a much greater 
impact on QOL than did either IBD or RA. This appears to 
be consistent with the findings of Stewart et al? because MS 
typically produces multiple distinct problems, such as 
motor, sensory, visual, bowel and bladder, and cognitive 
impairment. This suggests the possibility that certain indi- 
vidual conditions may, in fact, be more disruptive to pa- 
tient well-being than two or more comorbid conditions. 

The effect of gender is an important consideration in the 
assessment of QOL for persons with chronic diseases.* Our 
findings that women in the three patient groups scored 
worse than men is consistent with most prior studies. 
Women in the general population are usually assessed to 
have lower QOL than men, at least as QOL is traditionally 
measured. The conclusion may be drawn that disease 
groups that are composed of a greater proportion of 
women, such as MS, may show poorer QOL scale scores 
because of gender rather than disease factors. Our findings 
suggested that disease type had a much greater influence 
on QOL than did gender. 
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There are both practical and theoretical aspects to QOL 
research related to chronic medical diseases.’ Practical 
concerns range from determining the relative impact of 
different chronic illnesses to evaluating the effects of var- 
ious interventions on the effective management of the dis- 
order. Regarding the former, government and private 
medical insurers are increasingly interested in the overall 
impact of different disorders to plan efficient utilization of 
resources. An example of the practical aspects of QOL 
studies on effective management is the report by Fletcher 
et alf who found a significant adverse effect on QOL of 
active treatment among men with chronic stable angina 
who were prescribed 5 mg of transdermal glyceryl trini- 
trate and received no medical benefit from treatment. Such 
findings can have a strong impact on treatment planning. 

The principal theoretical issue with QOL research relates 
to accepting patient perceptions as meaningful correlates 
of disease severity and treatment outcomes. In Western 
medicine, the validity of “objective” physician-generated 
data is often exaggerated, while the importance of patient- 
generated “subjective” assessment is often trivialized.’ 
Neither the actual impact of disease on a person and his or 
her family nor the nature and extent of suffering are quan- 
tifiable by objective measures, however.* Furthermore, 
there are suggestions that subjective assessments may have 
considerable validity,’ and it is common knowledge that 
most measures based on the physical examination are ad- 
mixed with considerable subjectivity. It seems likely that 
QOL measures meaningfully reflect severity of disease, at 
least from the perspective of the afflicted individual. 
Therefore, practical methods for assessing QOL in people 
with chronic diseases are important, as the aim of treat- 
ment extends to enhancing the lives of persons with 
chronic irreversible conditions.*!°"! 

The Farmer Quality of Life Instrument, which has dem- 
onstrated psychometric properties, can contribute to QOL 
assessment among people with chronic disability. It incor- 
porates several categories of patient concerns that should be 
included in QOL assessments: disability, discomfort, med- 
ication regimen, and financial consequences.'*'’ It has a 
strongly behavioral orientation in its assessment of emo- 
tional as well as physical functioning. Thus, it avoids the the- 
oretical complications associated with the difficult and often 
artificial distinctions between primary and secondary con- 
sequences of disease. The Farmer Quality of Life Instrument 
has been demonstrated to be easily administered and sen- 
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sitive to differences between and within specific disease 
groups. This instrument can be used as a measure of disabil- 
ity or handicap, which are illness dimensions different from 
physical or psychological impairment. As such, the QOL 
measure can be used to supplement impairment scales, such 
as the KEDSS. While the KEDSS (and other impairment 
scales) measures the physical deficits produced by MS, the 
QOL scale more broadly reflects the impact of the illness on 
the individual, his or her environment, and his or her rela- 
tionships. As such, the QOL scale should be used to supple- 
ment the impairment scales. 

This instrument can also be used for health care plan- 
ning, for example, to determine the effect of health care 
policy decisions, such as a specific long-term care service; 
it can also be used along with impairment scales to assist 
in planning and monitoring specific treatment plans for 
individuals with varying levels of disability caused by the 
same disease. 


Weare grateful to Amy Farmer, Julie Farley, and Carol Ann Clough 
for conducting the structured interviews. 
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Original Contribution 


Effects of Cigarette Smoking on Motor Functions 
in Patients With Multiple Sclerosis 


Murat Emre, MD, Catherine de Decker 


e The acute effects of cigarette smoking on motor functions 
were examined in 21 patients with multiple sclerosis and 11 
healthy control subjects. The motor function in the upper 
extremities was assessed by a simple test battery. Sixteen of 
21 patients had a transient deterioration of their motor 
function immediately after smoking, lasting for 10 minutes. 
The mean decrease in motor performance score for all 21 
patients was 14%. With the same tests performed without 
smoking only three of 14 patients had a deterioration and 
the group had a mean 8% improvement. The control group 
showed a steady improvement over time, both in smoking 
and in simulation experiments. We conclude that nicotine 
causes a transient worsening of motor functions in patients 
with multiple sclerosis, which can be due to its effects on the 
central nervous system or vegetative-vascular functions. 
(Arch Neurol. 1992;49:1243-1247) 


i eres intolerance in patients with various neurologic 
disorders has been reported previously.'” Recently, 
several patients with multiple sclerosis (MS) who reported 
a transient deterioration, mainly of their motor functions, 
after smoking presented to us. Based on this observation, 
we conducted a controlled study to systematically assess 
the effect of cigarette smoking on motor functions in 
patients with MS. 


SUBJECTS, MATERIALS, AND METHODS 


The study was conducted during a 6-month period. All patients 
with MS with a smoking habit of more than one cigarette per day 
in their history were admitted to an MS rehabilitation center in 
this period. Consent was obtained from all who were entered into 
the study. 


Subjects 


Twenty-one patients and 11 healthy volunteers participated in 
the study. There were 10 women and 11 men in the patient group, 
with ages ranging from 28 to 70 years (mean age, 45 years). The 
control group consisted of five women and six men, aged 25 to 
53 years (mean age, 39 years). The diagnosis of MS was ascer- 
tained in all patients by medical history and clinical and labora- 
tory examinations. Thirteen patients were suffering from the 
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chronic-progressive form, four patients from the remitting- 
relapsing form, and four from the remitting-relapsing-pro- 
gressive form of MS. The duration of the disease ranged from 2 
to 27 years (mean, 15 years). None of the patients was in a relapse 
during the study. The disability assessed according to the Kurtzke 
Expanded Disability Status scale ranged from 2.0 to 8.5 (mean, 
6.0). In the patient group the duration of the smoking habit was 
8 to 32 years (mean, 18.4 years) and the number of cigarettes 
smoked per day was from three to 60 (with a wide range of nic- 
otine content) at the time of study. The duration of the smoking 
habit was 3 to 30 years (mean, 16.7 years), with a daily consump- 
tion of from five to 30 cigarettes per day in the control group. 


Test Battery 


Four simple tests were constructed to assess the motor perfor- 
mance in the upper extremities. 

Test 1.—The subject was asked to transfer round wooden 
pieces (3 cm in diameter) lying on the table into holes on a peg- 
board that exactly fit these pieces. The number of pieces trans- 
ferred in 30 seconds was counted. 

Test 2.—Sixteen holes were bored and consecutively numbered 
at the corners of three intersecting rhomboids on a flat wooden 
plate. The subject was asked to lace with a needle and thread 
through the holes following the numbers from one to 16. The 
number of the hole reached after 30 seconds was recorded. 

Test 3.—Beads of three different sizes with a hole in the center 
and strung on upright nails were to be transferred to a second 
upright nail. For each size, 10 seconds were given and the num- 
ber of correctly transferred beads was recorded after 30 seconds. 

Test 4.—Thirty black dots marked equidistantly ona sheet of pa- 
per were to be pricked consecutively with a specially designed nee- 
dle having a round handle that fitted into the palm of the hand. The 
number of correctly pricked dots was recorded after 30 seconds. 


Procedure 


All trials were performed from 8 AM to 9 AM. The test cigarette 
was the first of the day and was smoked after a ward breakfast. 
Following instructions, a short training session was given to each 
subject. Each session consisted of the aforementioned four tests 
and lasted approxim. ‘ely 3 to 4 minutes. Subjects were asked to 
use their dominant (or the better) hand for the performance of 
tasks. The first session given after the short training served as 
baseline. Thereafter, the subject was asked to smoke a standard 
cigarette (0.9 mg of nicotine, 9 mg of tar) in 3 to 5 minutes. The 
sessions were then repeated immediately and 10, 20, and 30 min- 
utes after the end of smoking. The scores from different tests were 
added together to give a total motor performance score for each 
session. After seven patients were examined, a “simulation 
experiment” was included in the study to assess the influence of 
factors other than smoking, such as learning effect and fatigue. 
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For simulation the same procedure was repeated without smok- 
ing. The test and simulation experiments were performed within 
at most 1 week, the former preceding the latter. In addition, a 
questionnaire was given to each patient to assess the subjective 
effects of smoking. Both smoking and simulation experiments 
were performed in all subjects in the control group, the former 
preceding the latter in each case. 


Statistical Analysis 
The total performance scores for a given session (ie, time-point) 
from all patients were pooled together for statistical analysis. In 
each data set the distribution of the individual values around the 
mean was tested by the Kolmogorov-Smirnov procedure. Al- 
though the distribution was not normal in only one data set un- 
der one testing condition (data at 10 minutes for comparison of 
smoking and simulation experiments in 14 patients), nonpara- 
metric tests were chosen to avoid any potential bias. The Fried- 
man two-way analysis of variance was applied to detect any sig- 
nificant differences between the sessions within the smoking or 
simulation experiments. Where the a-criterion was exceeded, the 
Wilcoxon test was applied, comparing each postsmoking time to 
baseline within an experiment and the corresponding sessions of 
test and simulation experiments with each other. This was done 

separately for patient and control groups. 


RESULTS 


Sixteen of 21 patients had a deterioration in their motor 
performance immediately after smoking (time 0). The de- 
terioration in baseline score ranged from 3% to 82% (mean 
change for 16 patients with deterioration, 21%). Five 
patients had an improvement at time 0 (range, 2% to 18%; 
mean change, 8%). The mean percent change from baseline 
(42.5+26.7) in all 21 patients was a 14% deterioration at 
time 0 (38.8+26.7), which was statistically significant 
(P=.05). The mean performance score returned to its base- 
line value after 10 minutes (42.9+27.5) and it was signifi- 
cantly higher than the baseline value after 20 minutes 
(46.1+29.3) and more so after 30 minutes (48.2+31.8) (Fig- 
ure). In simulation experiments only three patients of 14 
had a slight deterioration at time 0 compared with baseline 
(range, 3% to 33%; mean percent change, 15%) and the re- 
maining 11 patients had an improvement (range, 2% to 
26%; mean percent change, 14%). On average the mean 
percent change from baseline (42.3425.7) was an 8% 
improvement at time 0 (45.6+29.0) in the whole group 
(n=14). Indeed there was a steady increase of mean 
performance score over time in the simulation experiments 
and the score was higher than the baseline value after 10 
minutes (46.4+26.9), and significantly so after 20 minutes 
(47.5+27.9) and 30 minutes (48.6+28.8). For 14 patients for 
whom both simulation and smoking experiments were 
performed the mean scores at corresponding time points 
under both conditions were compared. There were no sta- 
tistically significant differences between the two condi- 
tions at baseline (42.3+25.7 in the simulation vs 38.5+20.4 
in the smoking experiment). There was, however, a statis- 
tically significant difference at time 0 (45.6+29.0 vs 
37.1+23.6; P=S.01) and after 10 minutes (46.4+26.9 vs 
41.1+24.8; P=.01), which was not detectable after 20 min- 
utes (47.5+27.9 vs 43.8+26.5) and 30 minutes (48.6+28.8 vs 
45.9+29.5). In the control group the mean performance 
score improved steadily over time in both smoking and 
simulation experiments and none of the subjects had a 
deterioration in motor performance immediately after 
smoking. 

Five patients described immediate detrimental effects of 
smoking subjectively (in three cases, ataxia and lack of co- 
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W With Cigarettes @ Without Cigarettes 


Baseline 


E With Cigarettes @ Without Cigarettes 


Baseline 10 


Time, min 





Motor performance mean score over time with and without smoking. 
Top, the results obtained in patients (squares indicate with smoking 
[n=21]; circles, without smoking [n=14]); bottom, control subjects (n=11 
with and without smoking). 


ordination; in one, loss of power; and in one, numbness in 
the hands). In addition, the investigator observed various 
transient abnormalities in 10 patients including oculomo- 
tor problems (two patients), dysarthria (two patients), 
problems of fine motor control (three patients), and 
suspected decrease in vigilance, attention, and concentra- 
tion (three patients). 

There seemed to be no correlation between the magni- 
tude of deterioration in motor performance and the age, 
the duration of disease, severity of disease, type of major 
disability in the upper extremities, smoking habit, or con- 
comitant medication (Table). However, four of five pa- 
tients with an improvement after smoking were long-term 
smokers consuming more than 10 cigarettes a day, vs eight 
of 16 patients with deterioration. 


COMMENT 


The results revealed a statistically significant, transient 
deterioration of upper extremity motor performance in 
patients with MS immediately after smoking. This effect 
was not observed either in the simulation experiments in 
patients or in the smoking experiments in the control sub- 
jects. Indeed there was an increasing improvement of per- 
formance over time in the simulation experiments in 
patients as well as under smoking and simulation condi- 
tions in the normal subjects. Thus, the baseline value for 
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| Patient Characteristics* 


Subjective 
Changes 


Duration of 
Disease, y 


Patient/ 
Age, y Disturbed FS 
Pyramidal 

Cerebellar, pyramidal 
Cerebellar, pyramidal 
Cerebellar 

Pyramidal 

Sensory 

Pyramidal, cerebellar 
Pyramidal, cerebellar 
Pyramidal 

Pyramidal 

Pyramidal 

Pyramidal 


Cerebellar 


Cerebellar, pyramidal 
Sensory 

Cerebellar 

Sensory 

Pyramidal 

Pyramidal, sensory 


Pyramidal, cerebellar 


Smoking 
Habit, y 


16, 18 € 
? 
TOE 
E FE E = 
95G 
26;2 E 
15, 0c 
18, 5c 
iy tk 
2a; la 
14, TOC 
30, 20 c 
17; 30E 
27,40 c 
18,8 c 
20, 50 c 
16, 20 c 
f, 2G 
40,2 c 
ly, 12 
17, 40c 


% Change 


Concomitant 
Therapy 


Baclofen 

Emepronium 

Baclofen 

1 

Emepronium 

Baclofen 

2 

Baclofen 
Desimipramine 
Emepronium, baclofen 
Prednisone 

Baclofen, propanthelin 
Amitriptylin 
Clonazepam 
Propranolol 

3 

Emepronium 

4 

Valium, digoxin 

5 





*KS indicates Kurtzke Extended Disability Status Scale; disturbed FS, major disturbed functional system in the upper extremity; smoking habit, the 
duration of nicotine abuse and the number of cigarettes (c) smoked per day; percent charge and percent change from baseline value immediately 
after smoking. Some patients had multiple drugs (1, propranolol, prednisone, emepronium, imipramine; 2, desimipramine, baclofen, propranolol, 
etilefrin; 3, azathioprine, flunarizine, thioridazine, flovaxat, mianserin; 4, tizanidine, carbamazepine, imipramine, phenoxybenzamine; and 5, imip- 


ramine, phenoxybenzamine, carbamoylcholine, levomepromazine, tilidin). 


simulation experiments in the control group was higher 
than the baseline value for smoking experiments in the 
same group, which preceded the former. This was proba- 
bly due to a learning effect. A similar learning effect, albeit 
of a smaller magnitude, was also observed in the patient 
group when only those 14 patients who underwent both 
simulation and smoking experiments were considered. 
The second potential interfering factor in experiments with 
closely spaced repeated measurements is fatigue. The bet- 
ter performance after 20 and 30 minutes compared with 
baseline and the steady improvement from baseline in the 
simulaton experiments, however, imply that fatigue did 
not play a major role in the outcome. No other potential 
biases were recognized. Thus, it seems to be justified to 
conclude that the observed effects in patients were real and 
represented a specific effect of smoking. 

A transient detrimental effect of cigarette smoking on 
the central nervous system (CNS) function was described 
in patients with multiple system atrophy,** spinocerebel- 
lar degeneration,’ alcoholic cerebellar degeneration,’ and 
also MS.'® The transient effects observed in patients with 
MS were a worsening of intentional tremor, increased 
weakness and spasticity in the legs, paresthesia in the ex- 
tremities, incoordination, ataxia, dysarthria, and visual 
disturbances. These represented, however, sporadic case 
reports, and the effect of cigarette smoking on patients 
with MS was not examined systematically. — 

The pathophysiologic mechanisms underlying this ef- 
fect are unclear. By their nature, the tests used in this study 
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can be affected by a deterioration in the visual or cognitive 
functions, sensory-motor integration, or motor output. In 
humans, nicotine has complex effects on the mental state 
and cognitive functions. For example, nicotine was re- 
ported to improve information processing and perfor- 
mance in vigilance and signal detection tasks,”* although 
three patients in our study were suspected to have a 
decrease in attention and concentration. Detrimental ef- 
fects of cigarette smoking on visual function were reported 
in patients with MS."* In our study only two patients were 
observed to have evidence of oculomotor dysfunction, and 
none of the patients complained about subjective changes 
in vision. Thus, a decline in cognitive or visual function is 
unlikely to account for the transient deterioration in mo- 
tor performance observed in this study and the effect of 
smoking is likely to be on motor function itself. 

That nicotine is responsible for the motor effects of cig- 
arette smoking is probable, as it was shown in early exper- 
iments in patients with Friedreich’s ataxia.* Theoretically, 
the effects can be mediated through actions of nicotine in 
the central nervous system (at supraspinal or spinal levels), 
peripheral nervous system (possible targets including au- 
tonomic ganglia or nicotinic-cholinergic neuromuscular 
end-plates), vegetative vascular changes due to the effects 
of nicotine on the CNS perfusion, or hypoxemia due to 
carbon monoxide—hemoglobin production. An increase in 
the ambient temperature is known to cause a transient de- 
terioration in neurologic functions in patients with MS. 
Cigarette smoking was found to cause a decrease in skin 
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temperature, but had no measurable effects on rectal or 
oral temperature,’’’ although it probably increases the 
metabolic rate.'’ Therefore, it is unlikely that the effect of 
smoking on motor performance was mediated by changes 
in the body temperature. 

Nicotine from tobacco smoke is rapidly absorbed, reach- 
ing peak values at about 10 minutes. It readily crosses the 
blood-brain barrier and is distributed throughout the 
brain. Brain levels decline rapidly thereafter, as the drug is 
distributed to other body tissues.'* This pharmacokinetic 
profile parallels the temporal course of deterioration in 
motor functions observed in this study. 

Nicotinic acetylcholine receptor channel complexes, 
probably of more than one type,” are present at synapses 
throughout the CNS (presynaptically or postsynaptically) 
and peripheral nervous system.'* In humans, autoradio- 
graphic studies revealed receptor binding in various brain 
regions including (in increasing order) the locus ceruleus, 
dentate gyrus, occipital cortex, cerebellum, substantia ni- 
gra, putamen, and periaqueductal gray” as well as the 
thalamus.” In rats metabolic mapping with deoxyglucose 
showed that nicotine caused a stimulation in limbic struc- 
tures, components of the visual system, brain-stem nuclei 
important in cardiovascular reflexes, and areas involved in 
motor function.” Intravenous administration of nicotine 
induced a rapid, short-lasting, selective burst activity in 
noradrenergic neurons of the locus ceruleus.’* At the cel- 
lular level, nicotinic agonists have been most often associ- 
ated with postsynaptically mediated excitation, but a 
direct postsynaptic inhibitory effect as well as indirect 
excitation or inhibition through modulation of neurotrans- 
mitter release at presynaptic sites was also suggested. 
Nicotine stimulates the release of acetylcholine, noradren- 
aline, and dopamine and reduces that of serotonin in spe- 
cific brain regions.*” A number of functional effects of nic- 
otine were described in animal experiments, including 
effects on arousal and motor functions. Nicotine caused 
complex changes in locomotor activity of rats, character- 
ized acutely by transient depression and chronically by 
persistent stimulation.” In cats intraventricular injection of 
nicotine was shown to cause depression of the monosyn- 
aptic patellar and polysynaptic linguomandibular reflexes, 
possibly due to its action on supraspinal structures.” Also 
in cats nicotine caused a transient activation in the electro- 
encephalogram with a subsequent, longer lasting sedative 
effect.” As reviewed by Domino” a number of investiga- 
tors reported effects of tobacco smoking on skeletal mus- 
cle tone in humans. Especially dramatic was the effect of 
nicotine in depressing the patellar reflex. In electromyo- 
graphic recordings some skeletal muscles such as the tra- 
pezius showed enhanced activity, while other muscles 
such as the quadriceps femoris showed reduced activity. 
These effects were suggested to be at least partly the con- 
sequence of Renshaw cell stimulation (as shown with small 
doses of nicotine in animals) with a resulting inhibition of 
anterior horn motor neurons. Nicotine may also stimulate 
the pulmonary afferent nerves, which in turn inhibit alpha 
motor neurons that act on skeletal muscles.” Thus, it can 
be assumed that nicotine may acutely and transiently re- 
duce muscle tone, in particular the skeletal muscles. The- 
oretically, an unduly decreased muscle tone might then 
result in a transient deterioration of motor functions. 

It is also possible that nicotine might be acting through 
a vascular mechanism to impair CNS function in patients 
with MS. Nicotine was described as causing relaxation in 
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the large cerebral arteries of dogs and monkeys” as well as 
an increase in cerebral blood flow in the cortex in dogs, an 
effect that was counteracted by an increase in vascular re- 
sistance.” The latter effects were attributed to a predom- 
inantly B-adrenergic receptor—mediated vasodilation and 
an a-adrenergic receptor-mediated vasoconstriction. As 
reviewed by Crystal et al however, nicotine has more 
complex and possibly regionally varying effects on cere- 
bral blood flow, mediated by a number of direct and indi- 
rect mechanisms. Thus, despite an increase in overall ce- 
rebral blood flow nicotine might still compromise 
microcirculation in certain brain regions, depending on 
local predominance of one or the other opposing mecha- 
nisms, such as, but not limited to, the density of a- and 
B-adrenergic receptors. Cerebral vessels are well endowed 
with sympathetic nerve terminals associated with both a- 
and B-adrenergic receptors and brain microvessels were 
claimed to be innervated by locus ceruleus noradrenergic 
neurons.” The activity of these noradrenergic neurons is 
modulated by nicotine.” In addition nicotine is believed to 
activate a variety of vasoconstrictor mechanisms including 
sympathoadrenal stimulation, angiotensin, and vaso- 
pressin release.” Furthermore, carbon monoxide inhaled 
in cigarette smoke results in increased amounts of carbon 
monoxide—hemoglobin and thus reduces the capacity of 
hemoglobin to carry oxygen. Any regional vasoconstric- 
tion in the microvascular bed together with increased 
amounts of carbon-monoxide—hemoglobin might then re- 
sult in a transient ischemia and hypoxia. 

Apart from how the detrimental effect of nicotine is 
brought about it is unclear why patients with MS are more 
prone to this effect. It is also intriguing that not all patients 
with MS react the same way and not all of those showing 
a measurable effect complain about subjective changes. It 
seems that patients with some other neurologic diseases 
show a similar sensitivity to nicotine, whereas others and 
healthy persons do not.’ Nicotine was found not to induce 
tremor in normal volunteers and not to affect pathologic 
tremor in patients with Parkinson’s disease or essential 
tremor.” The acute effects of cigarette smoking in patients 
with other diseases of the CNS, however, was not studied 
systematically as was done in this study. Therefore, a sim- 
ilar effect in other diseases involving the CNS cannot be 
excluded. 

A plausible explanation for the increased sensitivity of 
patients with MS to cigarette smoking could be an in- 
creased susceptibility of a compromised CNS with limited 
reserves to any sudden or significant change in its current 
balance. If the involvement of the system is just below the 
threshold for clinical dysfunction, then any sudden phys- 
iologic change might interfere with neural transmission 
sufficiently to produce symptoms.” Similarly, if it occurs, 
ischemia might have a more detrimental effect on demy- 
elinated fibers than the normal ones and lead to a transient 
reduction in impulse propagation in these fibers. Alterna- 
tively, there might be an increased sensitivity to nicotiner- 
gic stimulation due to secondary changes in the corre- 
sponding receptors, such as up-regulation or denervation 
supersensitivity as a consequence of neural injury and 
denervation. 

In conclusion, whatever mechanisms are involved, it 
seems justified to conclude that cigarette smoking can 
cause a transient deterioration in motor performance in 
some patients with MS, probably due to the central effects 
of nicotine. 
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Neuropsychological Importance of 
Subcortical White Matter Hyperintensity 


Larry A. Tupler, PhD; C. Edward Coffey, MD; Patrick E. Logue, PhD; William T. Djang, MD; Susan M. Fagan, EdM 


e Subcortical hyperintensity on magnetic resonance imag- 
ing is a common incidental finding in healthy elderly sub- 
jects. The relationship of such changes to cognitive func- 
tioning remains unclear, however, because only a small 
number of studies have examined this issue with conflicting 
results. We therefore assessed 66 healthy adult volunteers 
(mean [+SD] age, 61.8+15.8 years) with magnetic reso- 
nance imaging scans rated for subcortical hyperintensity, 
and with two neuropsychological instruments selected a 
priori on the basis of previous reports in the literature. 
Findings were highly significant for both the Benton Facial 
Recognition Test and the Wechsler Adult Intelligence 
Scale-Revised Digit Symbol. However, in both cases, the 
majority of variance was accounted for by age and educa- 
tional level. Effects of subcortical hyperintensity were not 
significant. We conclude that subcortical hyperintensity in 
healthy adults does not relate to cognitive functioning, at 
least with these two instruments. 
(Arch Neurol. 1992;49:1248-1252) 


hanges in subcortical white matter are common inci- 
dental findings on computed tomography and mag- 
netic resonance imaging (MRI) in healthy elderly 
subjects.'* The relationship of such changes to cognitive 
functioning remains unclear, however, because only a 
small number of studies have examined this issue with 
conflicting results.*'* These reports are also difficult to 
compare, given differences in subject population (sample 
size, age range, and exclusion criteria), scanning technique, 
lesion definition and grading, and neuropsychological as- 
sessment (Table 1). We assessed performance on two care- 
fully chosen neuropsychological instruments to examine 
the important issue of subcortical white matter hyperin- 
tensity on MRI and its relationship to cognitive perfor- 
mance in healthy middle-aged and elderly subjects. 
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SUBJECTS AND METHODS 
Subjects 


Sixty-six healthy adult volunteers recruited from the commu- 
nity gave written informed consent to participate in this study 
following a full explanation of the procedures. A total of 42 
women and 24 men, ranging in age from 45 to 84 years (mean 
[+SD] age, 61.8=15.8 years), participated in the study. All subjects 
were strongly right handed.” Each participant was living inde- 
pendently in the community and was either actively employed or 
retired. In general, the subjects represented a wide educational 
and socioeconomic cross-section of the population.'* Years of ed- 
ucation for the sample averaged 15.8 years (SD, 2.7 years). 

Each subject underwent a structured medical and neuropsy- 
chiatric history interview and examination, including the Mini- 
Mental State examination.’ No participant had a history of any 
cerebral or psychiatric illness (including substance abuse), and all 
denied use of psychotropic medications. Most subjects (n=36) 
were free of clinically measurable systemic illness. The remaining 
30 subjects were taking medications for one or more of the 
following conditions: hypertension or organic heart disease 
(n=15), hypercholesterolemia (n=1), diabetes mellitus (insulin, 
n=2; oral agent, n=1), postmenopausal symptoms with hormone 
replacement (n=8), hypothyroidism (n=1), osteoarthritis (n=9), 
and glaucoma (n=2). Any subject who smoked or who took med- 
ication for hypertension, diabetes mellitus, hypercholesterolemia, 
or organic heart disease was considered to have a “risk factor” for 
vascular disease (see below). 

In addition to the findings of subcortical white matter hyper- 
intensity described below, many of the subjects also exhibited 
other structural abnormalities on their brain MRI scans. Neuro- 
radiologic evaluation revealed cortical atrophy in 34 subjects 
(52%) (rated as mild in 30 and moderate in four subjects) and en- 
largement of the lateral ventricles in 29 subjects (44%) (rated as 
mild in 17 and moderate in 12 subjects). Both cortical atrophy and 
lateral ventricular enlargement were present in 22 (33%) of these 
subjects. No other abnormalities were present on the brain MRI 
scans. 


Brain MRI Procedure 


All MRI scans of the brain were obtained with one of three 1.5-T 
scanners (Signa Systems, General Electric Corp, Milwaukee, Wis) 
at Duke University Medical Center, Durham, NC . Head position 
was oriented in the scanner with use of laser sources fixed to the 
canthomeatal plane and was stabilized during the scanning pro- 
cedure with Velcro straps and molded foam head supports. Typ- 
ical imaging variables included two excitations, a 256X128 
matrix, and a field of view of 20 to 24 cm. Spin-echo pulse 
sequences were used to produce intermediate (repetition time, 
2500 milliseconds; echo time, 40 milliseconds) and T.-weighted 
(repetition time, 2500 milliseconds; echo time, 80 milliseconds) 
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cortical White Matter* 
Imaging/Measurement Technique 


MRI (0.35-T), standardized severity 
ratings (5-point scale) of white 
matter hyperintensity made by 2 
raters (interrater agreement not 
given) from intermediate and 
T,-weighted scans 





Table 1.—Published Studies of Beane one Test Performance in Healthy Subjects With Imaging Changes in 


Investigators Subjects Findings 

No statistical analysis of 
neuropsychological test data (10 tests) 
was conducted; one of the 10 subjects 
with a rating of 1 or less scored in the 
“demented range” on the Wechsler 
Memory Scale (Russell revision) and 
WAIS-R Block Design; one of the 4 
subjects with a rating of 2 or greater 
had impaired performance on WAIS-R 
Picture Arrangement 


14 healthy elderly volunteers (6 
M/8 F), aged 59-81 y (mean, 
71.7 y); no medical conditions 
‘associated with cognitive 
loss” (psychiatric histories not 
examined) 


Brant-Zawadzki 
et al, 1985 


Subjects with leukoaraiosis (n=9) had 
lower scores on the Extended Scale for 


Steingart et al,° 105 healthy elderly volunteers (56 CT, determination of presence of 
1987 M/49 F), aged 59-91 y (mean leukoaraiosis by 1 “blinded” rater 


Rao et al, 1989 


[+SD], 71.2+5.8 y); no 
evidence of dementia or stroke; 
psychiatric history not 
examined 


50 healthy middle-aged 


volunteers (11 M/39 F), aged 
25-60 y (mean, 43.7 y); no 
evidence of major medical, 
neurologic, or psychiatric 
illness 


MRI (1.5-T), presence of leukoaraiosis 


on intermediate and T,-weighted 
scans (no description of rating 
methods provided) 


Dementia than subjects without the 
finding (n=96), even after controlling 
for age, sex, education, and presence 
of infarct (ANCOVA) 


Relative to subjects without leukoaraiosis 


(n=40), subjects with the finding 
(n=10) performed significantly worse 
on 3 of 45 neuropsychological tests 
(t tests): Benton Facial Recognition 
Test (P<.01), Brown-Peterson 
Interference Test (18-s delay [P<.03]), 
and the President's Test (P<.04) 


MRI (1.5-T), 1 blinded rater 
determined number (4-point scale) 
and size (3-point scale) of white 
matter hyperintensity changes from 
intermediate and T,-weighted 
scans, severity score derived from 
multiplying number by size, 
summed across 5 brain regions 


When controlling for age, a 
nonsignificant regression coefficient 
was obtained between total severity of 
white matter hyperintensity and 
composite neuropsychological 
performance in 5 “domains” derived 
from 21 tests; no apparent difference 
in neuropsychological performance 
between subjects with more or less 
than the median number of white 
matter lesions (statistical analysis not 
conducted) 


Hunt et al,® 46 healthy elderly volunteers (17 
1989 M/29 F) (mean [+SD] age, 
78.2+4.6 y); no evidence of 
major medical illness 
(psychiatric histories not 
examined) 


MRI (1.5-T), standardized rating by 2 
blinded raters of severity (4-point 
scale) of white matter 
hyperintensity from T,-weighted 


No differences (statistical analysis not 
described) between the 4 severity 
categories of white matter 
hyperintensity on 3 cognitive measures 


Hendrie et al,’ 27 healthy elderly volunteers (10 
1989 M/17 F), aged 63-86 y (mean, 
72.4 y); no evidence of medical 
or neurologic illness 


(psychiatric history not films (MMSE, CAMCOG, and WAIS Digit 
examined) Symbol subtests) 
Schmidt et al,'° 32 nonelderly (<50 y) healthy MRI (1.5-T), blinded determination of No difference (t tests) between subjects 


with (n=12) and without (n=20) white 
matter lesions on a computerized test 
of vigilance and reaction time, a test 
of visual attention (d2 test), and a test 
of learning and memory (LGT3) 


white matter lesions from 
intermediate and T,-weighted films 
(no description of rating methods 
provided) 


1991 volunteers (25 M/7 F), aged 
22-49 y (mean, 38.6 y); most 
receiving medication for 
hypertension, but otherwise no 
evidence of major medical, 
neurologic, or psychiatric 
illness 


MRI (1.5-T), blinded determination 
by 2 raters of presence of 
periventricular hyperintensity and 
severity (5-point scale) of 
leukoaraiosis on T,- and 

(medical, neurologic, or T,-weighted films (interrater 

psychiatric), apart from agreement ranged from 56% to 

cognitive testing, which yielded 88%) 

normal findings 


Mirsen et al,"' 39 healthy elderly volunteers (20 
1991 M/19 F) (mean[+SD] age, 
73.2+5.8 y); 3 had infarcts and 
an indeterminate number 
received no evaluation 


Nonsignificant correlations between 
presence of either periventricular 
hyperintensity or leukoaraiosis and 
performance on the Extended Scale for 
Dementia 


MRI (0.5- and 1.5-T), standardized 
severity ratings (6-point scale) of 
white matter hyperintensity by 1 
blinded rater from T,- and 
T,-weighted scans 


Harrell et al," 25 healthy elderly volunteers 
1991 (gender breakdown not 
reported) (mean|+SD] age, 
65.6+6.9 y); no history of 
significant medical, neurologic, 
cognitive, or psychiatric illness 


Nonsignificant correlations between 
severity of either periventricular or 
deep white matter hyperintensity and 
2 cognitive screening instruments 
(MMSE and Mattis Dementia Rating 
Scale) 


*MRI indicates magnetic resonance imaging; WAIS-R, Wechsler Adult Intelligence Scale-Revised; CT, computed tomography; ANCOVA, analysis 
of covariance; and MMSE, Mini-Mental State examination. 
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brain images. Both the intermediate and T,-weighted images were 
acquired in the axial plane of orientation (parallel to the orbito- 
meatal baseline, 0°). These sections were 5 mm thick and 
separated by a 2.5-mm interscan gap; they began at the medullo- 
cervical cord junction and extended superiorly to the inner table 
of the skull. 

The intermediate and T,-weighted brain MRI scans were coded, 
intermixed with scans from inpatients at our hospital, and then 
analyzed by a board-certified neuroradiologist (W.T.D.) and a 
neurologist / psychiatrist (C.E.C.), both experienced in clinical and 
research assessments of brain MRI scans. 

These raters were “blind” to the subject’s age and group status 
(ie, healthy control vs inpatient). With the use of formal rating 
scales with predefined visual standards,''*'” each MRI scan was 
assessed for the presence of subcortical hyperintensity in the deep 
white matter. Lesions were rated as follows: 0, absent; 1, punctate 
foci; 2, beginning enlargement of foci; and 3, large confluent le- 
sions. The initial ratings of subcortical hyperintensity differed 
between the two raters for only six (9%) of the 66 subjects, and the 
differences were never greater than one rating level. In those cases 
involving disagreement, the MRI scans were reanalyzed con- 
jointly, and a consensus rating was established. Data from 61 of 
these subjects were included in an earlier report examining the 
effects of age on prevalence of subcortical hyperintensity in nor- 
mal subjects.* For purposes of statistical analysis, “presence” of 
deep white matter hyperintensity was defined as a rating of 1 or 
greater.” 


Neuropsychological Testing 


All subjects were assessed the same day as they underwent 
brain MRI scanning, except for one, who, because of scheduling 
error, was tested 3 days later. Testing was performed in a com- 
fortable room distant from the MRI scanner and well insulated 
from ambient noise. A clinical neuropsychologist (L.A.T.) and a 
psychometrician (S.M.F.) administered a comprehensive neuro- 
psychological battery composed of 14 test instruments presented 
in the following order: immediate recall of Logical Memory and 
Visual Reproduction from the Wechsler Memory Scale, Benton 
Facial Recognition Test (Short Form),” 2 and 7 Continuous Per- 
formance Test,” Controlled Oral Word Association," Block 
Design and Digit Symbol from the Wechsler Adult Intelligence 
Scale-Revised (WAIS-R),” delayed recall of Wechsler Memory 
Scale Logical Memory and Visual Reproduction,” Wechsler 
Memory Scale Paired Associates,'* Temporal Orientation Test,” 
copy of the Rey-Osterrieth Complex Figure,* WAIS-R Informa- 
tion,” delayed recall of the Rey-Osterrieth Complex Figure,” 
Stroop Color and Word Test,” Wisconsin Card Sorting Test,” and 
the Beck Depression Inventory.” The protocol took most subjects 
approximately an hour to complete. 

Although obtaining data on a comprehensive battery of instru- 
ments, we elected to submit only a select number to analysis in 
view of (1) our total sample size and (2) our specific a priori hy- 
potheses regarding effects of subcortical hyperintensity. With re- 
gard to our sample size, we reasoned that while it was ample for 
examination of a limited number of tests, it was insufficiently 
large to justify an indiscriminate approach. Even adjusting a for 
multiple comparisons (eg, using Bonferroni procedures), exami- 
nation of all variables would have left fewer than five subjects per 
neuropsychological measure, an amount clearly insufficient for 
legitimate statistical analysis. With regard to a priori hypotheses, 
our review of the literature suggested that positive findings 
would be most probable in relation to two specific instruments: 
the Benton Facial Recognition Test and WAIS-R Digit Symbol. We 
decided on the Benton Facial Recognition Test because it has 
yielded the highest level of significance of any test reported to be 
associated with subcortical white matter hyperintensity in 
healthy subjects (Table 1). Digit Symbol was chosen because it has 
been reported by two independent groups to be related to 
subcortical white matter hyperintensity. Thus, Gupta et al” com- 
pared neuropsychological test results in unselected medical 
inpatients who had also undergone clinical computed tomo- 
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Table 2.—Subject (N=66) Characteristics and 
Neuropsychological Test Data* 


Subcortical White Matter 
Hyperintensity 


Absent (n=18) 
64.3+10.8 

Sex, M/F 9/9 

LS. 


Variable Present (n=48) 


69.9+10.1 
15/33 
13.9+4.2 


Age, y 


Education, y 


Presence of vascular risk 


factors, No. (%)t 7 (39) 29 (60) 


Benton Facial Recognition Test 
(No. of correct Short 
Form responses)+ 


22.1+2.0 210225 


Digit Symbol subtest 
(No. of symbols 





correctly copied)+ 49.2+14.9 41.4+15.1 
*Data are mean+SD unless otherwise stated. 
tP<.001. 


+Data are mean+SD of raw scores, unadjusted for age or education. 


graphic scanning and found that those with “periventricular lu- 
cencies” (n=29) performed worse than those without such 
changes (n=17) on 13 of 17 neuropsychological instruments, 
including Digit Symbol. Similarly, in a study of 19 patients with 
manic-depressive illness, Dupont et al” found that those with 
subcortical white matter hyperintensity on MRI (n=9) scored 
lower than those without such lesions (n=10) on two of nine neu- 
ropsychological tests, including Digit Symbol. Finally, both the 
Benton Facial Recognition Test and Digit Symbol were favored on 
a priori grounds inasmuch as visuospatial perception and visuo- 


motor execution, respectively, are frequently compromised in as- , 


sociation with frank subcortical disease.” 


Statistical Analysis 

For each of the neuropsychological measures, separate anal- 
yses of covariance (ANCOVAs), with age and years of educa- 
tion as covariates, were used to compare the performance of 
subjects with and without deep white matter hyperintensity. 
Dependent measures consisted of number of correct identifica- 
tions on the Benton Facial Recognition Test and number of 
symbols correctly copied on the WAIS-R Digit Symbol. We 
divided our a level of P<.05 in half to P<.025 to adjust for 
two statistical comparisons. 


RESULTS 


Subcortical hyperintensity in the deep white matter was 
present in 48 (72.7%) of the 66 subjects and was rated as 
mild in 32 (66.7%), moderate in 12 (25%), and severe in four 
(8.3%). These frequencies are in close agreement with those 
of previous reports that have used similar imaging and 
rating techniques.”'”'” Subjects with subcortical white 
matter hyperintensity tended to be older (t=1.94, df=64, 
P=.056) and had a significantly higher occurrence of risk 
factors for vascular disease than those without the MRI 
findings (x7=13.44, df=1, P<.001) (Table 2). 

Results of the ANCOVA for the Benton Facial Recogni- 
tion Test yielded a highly significant overall effect 
(F[3,62]=9.68, P=.0001). However, the majority of the vari- 
ance was accounted for by age (P<.01) and education 
(P<.01). The effect of subcortical hyperintensity was not 


significant (P=.77). Results of the ANCOVA for WAIS-R, 
Digit Symbol subtest were likewise highly significant * 


(F[3,62]=30.12, P<.0001). Again, however, this finding was 
due to significant effects of age (P<.0001) and education 
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(P<.001). The effect of subcortical hyperintensity was not 
significant (P=.83). 

Correlations between each of the variables entering into 
the ANCOVAs were also calculated. As expected, age was 
significantly related to performance on both the Benton 
Facial Recognition Test (r=—.47, P<.0001) and the Digit 
Symbol subtest (r=—.71, P<.0001). Likewise, education 
was significantly correlated with both the Benton Facial 
Recognition Test (r=.44, P<.001) and the Digit Symbol 
subtest (r=.49, P<.0001). Severity of subcortical hyperin- 
tensity, however, did not correlate significantly with either 
the Benton Facial Recognition Test (r=—.19, P=.12) or the 
Digit Symbol subtest (r=—.21, P=.09). 


COMMENT 


In agreement with previous studies, our healthy 
middle-aged and elderly subjects exhibited a substantial 
frequency (72.7%) of at least mild subcortical hyperinten- 
sity, which was in turn associated with increasing age and 
a higher prevalence of risk factors for vascular disease. Our 
results, however, failed to confirm a relationship between 
subcortical white matter hyperintensity on MRI and per- 
formance on either the Benton Facial Recognition Test or 
WAIS-R Digit Symbol subtest. Although Rao et al’ ob- 
served a reduction in Benton Facial Recognition Test per- 
formance in healthy middle-aged subjects with white 
matter hyperintensity (leukoaraiosis), they noted that this 
significant difference would be expected by chance alone 
given that 45 group comparisons were performed. Data 
from our study support the conclusion that subcortical 
hyperintensity is not related to performance on the Benton 
Facial Recognition Test, at least in healthy adults. Our 
negative findings regarding the Digit Symbol subtest are 
consistent with similar observations made by Hendrie et 
al’ in a sample of healthy elderly volunteers (Table 1). The 
discrepancy between our data and the positive reports of 
Gupta et al and Dupont et al” may derive from the use 
of patient populations in these two studies. 

Our findings do not exclude the possibility that other, 
perhaps more sensitive neuropsychological tests might re- 
veal a relationship between cognitive functioning and 
subcortical white matter hyperintensity. Our choice of as- 
sessment instruments, however, was guided by their po- 
tential sensitivity to subcortical involvement” and prior 
positive findings in the literature.” We also note that our 
study, to our knowledge, contained the largest number 
of healthy subjects with subcortical hyperintensity yet 
described. 

Still another factor to consider is that the majority of our 
subjects had relatively mild findings of subcortical white 
matter hyperintensity. It is thus possible that while such 
changes may not be severe enough to affect cognition when 
they appear on MRI, they may be extensive enough to do 
so by the time they are revealed by computed tomography® 
(Table 1). Finally, our results do not address the issue of 
whether subcortical white matter hyperintensity might be 
associated with cognitive dysfunction in patients with 
medical,****” neurologic (eg, dementia),*** or psychiat- 
ric”® illness. In this regard, we have previously reported 
that subcortical white matter hyperintensity is more prev- 
alent and severe in elderly patients with major depres- 
sion,” and correlative studies are currently under way to 
determine whether such changes might be associated with 
the cognitive impairment that frequently afflicts this 
population. 


9,10,17 
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Comparisons of Verbal Fluency Tasks in the Detection 
of Dementia of the Alzheimer Type 


Andreas U. Monsch, PhD; Mark W. Bondi, PhD; Nelson Butters, PhD; 
David P. Salmon, PhD; Robert Katzman, MD; Leon J. Thal, MD 


e The performances of 89 patients with dementia of the 
Alzheimer type (DAT) and 53 demographically matched 
elderly normal control subjects were compared on four 
verbal fluency measures (category, letter, first names, and 
supermarket fluency). Receiver operating characteristic 
curves were plotted to determine each fluency tasks’ sensi- 
tivity (ie, true-positive rate) and specificity (ie, true-negative 
rate). Category fluency demonstrated the greatest degree of 
discrimination between patients with DAT and normal 
control subjects (sensitivity, 100%; specificity, 92.5%); let- 
ter fluency was the least accurate (sensitivity, 89%; speci- 
ficity, 85%). Separation of patients with DAT by gender re- 
vealed similar findings. In further analyses with a subgroup 
of 21 mildly impaired patients with DAT, category fluency 
lost none of its discriminative capabilities, whereas all other 
fluency measures showed marked reductions in discrim- 
inability. We conclude that this superiority of category flu- 
ency is due to its dependence on the structure of semantic 
knowledge, which deteriorates in the early stages of DAT. 
(Arch Neurol. 1992;49:1253-1258) 


Bow word-finding difficulties are often among the 

primary complaints of patients with dementia of the 
Alzheimer type (DAT),’ many studies have addressed 
these patients’ impairments in naming and word produc- 
tion. Tests of verbal fluency, for example, have been 
utilized to measure speeded access to lexical and semantic 
information. Although it is well known that patients with 
DAT perform poorly on fluency tests compared with age- 
and education-matched elderly normal control (NC) 
subjects,’ controversy exists regarding the type of fluency 
measure that best discriminates patients with DAT from 
elderly NC subjects. 

Butters et al* found that category fluency was more im- 
paired than letter fluency in patients with DAT and pro- 
posed that this difference was related to the deterioration 
of semantic knowledge.°'”"' For instance, because the gen- 
erating of types of animals depends on knowledge of the 
attributes that define the concept “animal,” any loss of 
these defining characteristics should result in fewer correct 
exemplars being produced in a fixed period of time.'' In 
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contrast, given that letter fluency tasks can be performed 
with the use of phonemic and/or lexical cues to guide 
production, any breakdown in the structure of semantic 
knowledge should have relatively little effect on a patient's 
overall performance, especially in the early stages of the 
disease. If this hypothesis is correct, the identification of 
patients with DAT with category fluency should be supe- 
rior than with letter and other types of fluency tests that do 
not depend on the integrity of semantic knowledge.” 

We compared the performances of patients with DAT 
and elderly NC subjects on four commonly used measures 
of verbal fluency (category, supermarket, first names, and 
letter fluency) to determine whether differential perfor- 
mance exists across the tasks and to identify the fluency 
measure that best discriminates between these two groups. 
Furthermore, a subsample of mildly demented patients 
with DAT was extracted from the original sample to 
determine which verbal fluency measures are the most 
sensitive discriminators in the earliest stages of DAT. All 
analyses provided cut-off scores, as well as indices of sen- 
sitivity (ie, true-positive rate) and specificity (ie, true- 
negative rate), thereby allowing for direct comparisons 
between the four fluency tasks. Based on the findings of 
Butters et al, it was anticipated that those fluency tasks 
that depended most on the intactness of the hierarchical 
structure of semantic knowledge would be most sensitive 
and specific, whereas fluency tasks that could be per- 
formed with lexical and/or phonemic strategies would 
prove to be less useful discriminators. Thus, category (an- 
imals, fruits, and vegetables) and supermarket fluency 
tests were expected to be better discriminators than were 
letter (F, A, and S) and first names fluency tests. 


SUBJECTS AND METHODS 
Subjects 


One hundred forty-two subjects participated in the study: 89 
outpatients with a diagnosis of probable DAT (43 men and 46 
women) and 53 neurologically intact NC subjects (17 men and 36 
women). The subjects were participating in the Alzheimer’s Dis- 
ease Research Center of the University of California, San Diego. 
Subjects were selected without regard to ethnicity or race. All but 
three subjects were white. Two patients with DAT were black and 
one NC subject was Hispanic. English was the native language of 
all patients with DAT and of all but two of the NC subjects. These 
latter two NC subjects have resided in the United States contin- 
uously for more than 40 years and write and speak English flu- 
ently. Written informed consent was obtained from all subjects or 
care givers when appropriate. 

All patients with DAT were diagnosed by two senior staff neu- 
rologists according to the criteria for “primary degenerative de- 
mentia” outlined in Diagnostic and Statistical Manual of Mental 
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Table 1.—Demographic Characteristics, Mini-Mental State Examination (MMSE), Dementia Rating Scale (DRS), 
and Verbal Fluency Scores of Normal Controls, Patients With Dementia of the Alzheimer Type (DAT), and 
of a Subgroup of Patients With Mild DAT* 


Normal Controls (n=53) 


Sex, F/M [ratio] 36/17 [2.1] 


DAT (n=89) Mild DAT (n=21) 


Da rT a i 


Age, y 


Education, y 


MMSE score 


DRS score 


Category fluency 


/ Leo 
(52-86) 
13,022.7 
(7-19) 
28.86+1.1 
(26-30) 
138.5+3.6 
(126-143) 
48.4+9.8 
(25-76) 


46/43 [1.1] 
J2.1%6;6 
(57-89) 
13.5+2.8 
(7-20) 
18.0+5.0 
(3-26) 
100.5+18.9 
(39-133) 
16.2+9.6 
(0-37) 


12/9 [1.3] 
72.4+5.3 
(63-85) 
13.2E2:8 
(8-20) 
22.5+2.6 
(18-26) 
120.8+5.4 
(115-133) 
POETS 
(10-37) 


41.22125 
(13-69) 
22.6+5.8 
(13-44) 
22.8+4.7 
(7-35) 


Letter fluency 
First names fluency 
Supermarket fluency 


*Values are mean+SD (range). 


Disorders, Third Edition'® and by the criteria for “probable Alz- 
heimer’s disease” developed by the National Institute of Neurolog- 
ical and Communicative Disorders and Stroke and the Alzheimer’s 
Disease and Related Disorder Association.” Extensive medical, lab- 
oratory, and neuropsychologic testing was performed to rule out 
other possible causes of dementia. The diagnosing neurologists 
were “blind” to the subjects’ verbal fluency scores. 

For additional analyses (see the “Results” section), a subgroup of 
21 mildly demented patients with DAT (12 women and nine men) 
were extracted from the original sample of 89 patients. Patients were 
defined as having “mild” DAT when their score on the Mini-Mental 
State Examination (MMSE)"* was 18 or higher and their score on the 
Dementia Rating Scale (DRS)” was 115 or greater. 

Normal control subjects were either volunteers recruited through 
newspaper advertisements or spouses of patients. Subjects with a 
history of alcoholism, other drug abuse, learning disability, and/or 
serious neurologic or psychiatric illness were excluded. Table 1 
shows the demographic characteristics and mean scores on the DRS 
and MMSE foreach group. The groups did not differ in terms of age 
and years of education. Group differences were significant for 
MMSE scores (NC vs DAT: t[140]=15.4, P<.001; NC vs mild DAT: 
t[72]=14.6, P<.001) and DRS scores (NC vs DAT: #{140]=14.5, 
P<,001; NC vs mild DAT: t[72]=16.3, P<.001). 


Procedure 


Four commonly used verbal fluency tasks were administered 
as part of the first annual basic neuropsychological and neuro- 
logic examination for the Alzheimer’s Disease Research Center. 
All tests were administred by the same technician and neurolo- 
gist, respectively. Subjects were asked to generate as many words 
as possible in 1 minute according to a rule or instruction. For the 
category fluency task, subjects were asked to provide as many 
words as they could think of that were animals, fruits, and veg- 
etables; 60 seconds was allowed for each category. For the letter 
fluency task,” subjects were asked to provide as many words as 
they could think of beginning with the letters F, A, and S, again 
with 60 seconds allowed for each letter. The first names fluency 
task was administered by the staff neurologist, who asked 
subjects to generate as many first names as possible within 60 
seconds. The supermarket fluency task was administered to all 
subjects as part of the DRS.” Subjects were asked to produce 
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18.3+10.6 26.0+12.2 
(0-49) (8-49) 
9.5+4.2 13.3235 
(1-20) (7-20) 
8.4+4.9 13.0+4.6 
(0-24) (8-24) 





within 60 seconds as many items as possible that can be found in 
a supermarket. In contrast to the standardized administration of 
the DRS, in which subjects’ responses are discontinued when 20 
items are generated, subjects in the current protocol were allowed 
a full 60 seconds to generate as many items as possible. Finally, 
where appropriate, instructions were given to exclude proper 
nouns (for letter fluency), numbers, and the same word given in 
different suffixes (ie, variants). 

For all fluency measures, the score used for analysis was the 
total number of correct responses. For the letter and category flu- 
ency tasks, the summed total of correct responses of the three let- 
ters and categories were used, respectively. 


Receiver Operating Characteristic (ROC) Curves 


The recent utility of ROC curves to evaluate the accuracy of di- 
agnostic tests in detecting various conditions, such as dementia, 
have been well explicated.”' Briefly, ROC methods quantify test ac- 
curacy and characterize the distribution of test outcomes in study 
populations; in this case, patients suspected of having DAT were 
compared with elderly NC subjects. Accordingly, a full ROC curve 
provides a succinct representation of diagnostic performance across 
a test’s entire range of possible scores with both groups. 

One of the most useful aspects of ROC curves involves providing 
the diagnostician with empirically derived cut-off scores for a given 
test. In this study, the first step involved treating every test score as 
a cut-off score. The resulting sensitivity and specificity values were 
calculated and plotted graphically (Figure). A priori, it was decided 
that sensitivity and specificity were to be of equal importance. 
Therefore, the optimal cut-off score was chosen to be where the sum 
of both measures reached a maximum value. 

Several methods were available to determine which of the flu- 
ency measures best discriminated between patients with DAT 
and NC subjects. The first, and easiest, method was to compare 
the sums of sensitivity and specificity at each test's optimal cut- 
off score. Another method involved comparing the areas under 
the four ROC curves,” offering a concise index of overall test 
discriminability. Comparison of areas under the curves makes no 
assumptions about the form or variance of the underlying distri- 
butions of sensitivity and specificity and hence safeguard against 
potentially spurious results due to unequal variances and distri- 
butions that deviate from normality.” 
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Receiver operating characteristic curves of the four verbal fluency tasks. Sensitivity and specificity are plotted, treating every test score as a cut-off 


score. 


RESULTS 
Patients With DAT vs NC Subjects 


Table 1 shows the means and SDs for each group on the 
raw scores of the four verbal fluency measures. Four one- 
way analyses of variance confirmed expected group dif- 
ferences between patients with DAT and NC subjects on 
/each of the fluency tasks (category: F(1,140)=367.2, P<.001; 
\letter: F(1,140)=136.4, P<.001; first names: F(1,140)= 
237.6, P<.001; supermarket: F(1,140)=300.3, P<,001). 

To examine the fluency measures that were most pre- 
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dictive of group differences, a stepwise multiple regression 
analysis was performed. Only category fluency (R=.85, 

— 72, P<.001) and supermarket fluency (R=0.86, R*=0.74, 
P<.001) significantly predicted group membership. Letter 
and first names fluency did not significantly improve the 
prediction equation. 

The findings derived from the ROC curves are shown in 
the Figure and in Table 2. All measures of verbal fluency 
differentiated patients with DAT from NC subjects with 
reasonable sensitivity and specificity. There was, however, 
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Table 2.—Summary of Results for Patients With Dementia of the Alzheimer Type (n=89) and Normal Control Subjects 


(n=53) on Each of the Four Verbal Fluency 


Cut-off Score 


Category (total) 
Letter (total) 
First names 


Supermarket 


a large difference between letter fluency (sensitivity of 
88.8% and specificity of 84.9% at optimal cut-off) and cat- 
egory fluency (sensitivity of 100% and specificity of 92.5% 
at optimal cut-off). Supermarket fluency (sensitivity of 
92.1% and specificity of 96.2% at optimal cut-off) ap- 
proached the high discriminability levels of category flu- 
ency. First names fluency (sensitivity of 94.4% and speci- 
ficity of 86.6% at optimal cut-off) had slightly better 
discriminability than did letter fluency. 

Individual measures of letter and category fluency are 
shown in Table 3. The resulting sums and areas under the 
ROC curves for letters F, A, and S were slightly lower than 
for the overall measure of letter fluency (Table 2). This re- 
sult indicates that the sensitivities and specificities im- 
proved with the combination of additional letters and 
therefore provided better discrimination than any one let- 
ter alone. For example, F words alone resulted in a sensi- 
tivity of 78.7% and a specificity of 86.8% with the optimal 
cut-off score (Table 3), whereas overall letter fluency pro- 
vided a sensitivity of 88.8% and a specificity of 84.9% with 
the optimal cut-off score (Table 2). The separate analyses 
for each category (animals, fruits, and vegetables) also 
demonstrated that the combination of the three categories 
revealed higher accuracy than any one category alone (Ta- 
bles 2 and 3). It should be noted that all three of the indi- 
vidual categories were superior to the three letters in dif- 
ferentiating patients with DAT from NC subjects (Table 3). 
The individual categories were approximately equal to 
supermarket and first names fluency in combined sensi- 
tivity and specificity, whereas the individual letters were 
clearly inferior to these other two fluency tasks in this re- 
gard (Tables 2 and 3). 


Mildly Impaired Patients With DAT vs NC Subjects 


Four one-way analyses of variance confirmed expected 
group differences between patients with mild DAT and 
NC subjects on each of the fluency tasks (category: 
F[1,72]=93.6, P<.001; letter: F[1,72]=22.7, P<.001; first 
names: F[1,72]=47.1, P<.001; supermarket fluency: 
F[1,72]=65.3, P<.001). 

To examine the fluency measures that were most pre- 
dictive of group differences (patients with mild DAT vs 
NC subjects), a stepwise multiple regression analysis was 
performed. Again, only category fluency (R=.75, R*=.57, 
P<.001) and supermarket fluency (R=.77, R?=.60, P<.001) 
significantly predicted group membership. Letter and first 
names fluency did not significantly enhance the prediction 
equation. 

As shown in Table 4, the results with this subgroup of 
mildly demented patients with DAT were roughly equiv- 
alent to the analysis utilizing all the patients. Here, too, 
category fluency revealed the best sensitivity (100%) and 
specificity (92.5%), losing no discriminative capability 
compared with the overall DAT group analysis. Letter flu- 
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Specificity, % 





ency remained the poorest discriminator (sensitivity, 81%; 
specificity, 83%) and, in fact, wasa poorer discriminator for 
this mildly demented population than for the entire DAT 
group. Supermarket and first names fluency also evi- 
denced some reduction in sensitivity and specificity but 
still remained superior to letter fluency. 

Individual item analysis of the three letters comprising 
the summed letter fluency score revealed, again, that the 
combination of all three letters resulted in greater sensitiv- 
ity and specificity than any one letter alone provided (Ta- 
bles 3 and 4). Item analysis of the three categories revealed 
similar reductions in sensitivity and specificity (Tables 3 
and 4). Again, the three individual categories were supe- 
rior to all three individual letters (Table 3) and were 
approximately equivalent to supermarket and first names 
fluency (Table 4) in differentiating patients with mild DAT 
from NC subjects. 


Gender Differences 


Although it is generally accepted that women perform 
better than men on measures of verbal fluency,” it is un- 
clear to what extent these differences are apparent in de- 
mented patients. Because it is possible that cut-off scores, 
sensitivity, and specificity may be different for men and 
women, separate analyses by gender were performed. 

Table 5 provides the results for women and men on each 
of the four fluency tasks. As expected, all fluency measures 
were significantly different within the NC subjects group, 
with women performing better than men (category: 
F[1,51]=16.31, P<.001; letter: F[1,51]=7.11, P=.01; first 
names: F[1,51]=7.36, P= 009; supermarket: F[1,51]=4.96, 
P=.03). However, with one exception (category: 
F[1,87]=5.21, P=.03), patients with DAT failed to demon- 
strate gender differences on the fluency measures (super- 
market: F<1; letter: F<1; first names: F<1). Cut-off scores 
were higher for women than for men, and the resulting 
sensitivities and specificities were better for women than 
for men on all four fluency measures (Table 5). 


COMMENT 


Although our results confirmed that patients with DAT 
show impairment on numerous verbal fluency tasks,”” it is 
evident that these fluency tests are not equivalent in their 
ability to differentiate patients with DAT from healthy 
elderly NC subjects. The sensitivity and specificity indices 
derived from the ROC curves showed that the category 
fluency task was superior to the letter fluency task in mak- 
ing this discrimination, even when used with mildly 
demented patients with DAT. This demonstrated superi- 
ority of category fluency over letter fluency is consistent 
with the notion that patients with DAT endure a significant 
deterioration in the structure of semantic knowledge rel- 
atively early in the disease process.”*"' If patients with 
DAT are unaware of the defining attributes of animals, 
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Table 3.—Summary of Results for Patients With Dementia of the Alzheimer Type (DAT), Its Subgroup of Patients With 
Mild DAT, and Normal Control (NC) Subjects on Individual Items of Category and Letter Fluency Tasks 


DAT (n=89) 
NC (n=53) 


Sensitivity, 


Specificity, 
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F words 

A words 


S words 
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NC (n=53) 
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Table 4.—Summary of Results for Patients With Mild Dementia of the Alzheimer Type (n=21) and Normal Control 
Subjects (n=53) on Each of the Four Verbal Fluency Measures 


Cut-off Score 
Category (total) 
Letter (total) 
First names 


Supermarket 


Sensitivity, % 


Specificity, % 





Table 5.—Summary of Results for Male and Female Patients With Dementia of the Alzheimer Type (DAT) and Normal 
Control (NC) Subjects on Each of the Four Fluency Measures 


Women 
(NC=36; DAT=46) 


Sensitivity, Specificity, 
% 


Cut-off Score 
Category (total) 
Letter (total) 


First names 


Supermarket 


fruits, and vegetables, it is not surprising that they are able 
to generate only a few exemplars of these general concepts 
within 60 seconds. In contrast, because letter fluency can 
be performed with use of phonemic and/or lexical strat- 
egies, the intactness of a patient’s semantic network may 
have relatively less influence on the number of correct re- 
sponses produced. 

Although supermarket fluency is often viewed as a cat- 
egory fluency task,”” it did not prove to be as sensitive or 
specific as animals, fruits, and vegetables combined. The 
likely explanation for this difference is that three separate 
general concepts (ie, animals, fruits, and vegetables) com- 
bined may offer more stability and reliability than one cat- 
egory (ie, supermarket items) score. The finding that the 
sensitivity and specificity indices for animals, fruits, and 
vegetables treated separately were essentially equivalent 
to the corresponding scores for supermarket fluency 
strongly supports this contention. Consequently, it is of 
some clinical relevance to note that when fluency tasks of 
equivalent discriminability are summed, they combine to 
form a more stable composite performance and yield 
greater sensitivities and specificities than do any of the 
tests used alone (Tables 2 through 4). 
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(NC=17; DAT=43) 
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One surprising finding was that first names fluency had 
sensitivity and specificity scores equivalent to that for the 
three categories (animals, fruits, and vegetables) treated 
separately (Tables 2 and 3). Although first names fluency 
would appear to invite phonemic and lexical strategies that 
do not rely on the integrity of semantic knowledge, it is 
possible that subjects’ approaches to this task are quite 
variable. For instance, besides phonemic and lexical ap- 
proaches, one might adopt the strategy of reciting names 
of friends, relatives, or classmates. These latter, more com- 
plex approaches to generating first names might, in turn, 
place more demands on semantic knowledge and thereby 
increase the sensitivity and specificity of the task. How- 
ever, regardless of the explanation, it is clear from our 
findings that first names fluency is superior to letter 
fluency in the identification of DAT. 

When the subgroup of patients with mild DAT were an- 
alyzed separately, letter fluency showed a much greater 
diminution in combined sensitivity and specificity than 
did category fluency. Given that generalized psychomotor 
slowing increases with severity of dementia,' such changes 
may have an increasingly adverse effect on all fluency 
tasks, especially in the middle and later stages of the dis- 
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ease. However, because deterioration of semantic knowl- 
edge may have a much greater influence on language tasks 
than does psychomotor slowing in the early stages of DAT, 
the differences in performance on category and letter flu- 
ency are consequently most apparent in these earliest 
stages of the disease process. Conversely, one might antic- 
ipate that category and letter fluency would not differ in 
their sensitivities and specificities when used with severely 
demented patients with DAT. 

Based on our findings, it appears that category flu- 
ency tasks may prove to be very useful for the early 
detection of DAT. However, certain caveats should be 
noted. First, while a score below 38 on category fluency 
may well detect DAT in a general (ie, unscreened) clin- 
ical population of elderly patients, its specificity may 
not be as accurate. The NC subjects who participated in 
our study were carefully screened to exclude a variety 
of medical, systemic, psychiatric, and neurologic condi- 
tions. In everyday clinical practice, patients with meta- 
bolic diseases, multiple infarcts, coronary artery disease, 
and a host of other illnesses will likely be present, and 
many of these conditions could be associated with im- 
paired performances on fluency tasks. Thus, when used 
with community-dwelling elderly individuals, the spec- 
ificity of category fluency may not be as high as in our 
study. Nevertheless, if category fluency is used in such 
settings, most individuals who perform below the re- 
ported cut-off scores should receive special attention 
with regard to DAT. 

A second precaution concerning category fluency is 
that it may not be the single most sensitive cognitive 
marker for DAT.”*”™ When Welsh and her colleagues”? 
compared animal fluency with several learning, mem- 
ory, naming, and constructional measures, fluency per- 
formance did not prove to be the best measure for 
differentiating patients with mild DAT from healthy 
elderly NC subjects. Rather, delayed recall of a 10-item 
word list demonstrated the greatest accuracy in discrim- 
inating these two subject groups. It would appear, then, 
that category fluency’s greatest clinical utility can be 
realized by using it in combination with other proved 
sensitive measures. 

Our findings also demonstrated some of the expected 
gender differences on fluency tasks.**** Female NC sub- 
jects generated significantly more words across all four 
fluency tasks than did male NC subjects, but this gender 
distinction was significant on only one (category) of the 
four fluency tasks for the patients with DAT. Thus, 
although disease state had a much greater effect on 
performance than did gender, it still seems appropriate 
that separate cut-off scores for women and men be used for 
both normal and demented individuals (Table 5). 

In conclusion, verbal fluency tasks are very useful cog- 
nitive measures for detecting DAT in an elderly popula- 
tion. However, it is clear that all fluency tests are not of 
equal sensitivity and specificity. Our findings suggest that 
category fluency tasks are superior to letter fluency tests in 
distinguishing patients with DAT from healthy elderly NC 
subjects. This superiority of category fluency is likely due 
to its dependence on the intactness of semantic 
knowledge—a knowledge system that may be severely 
deteriorated, even in the early stages of DAT. 
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Validation of the 3-oz Water Swallow Test 
for Aspiration Following Stroke 


Kathleen L. DePippo, MS; Marlene A. Holas, MS; Michael J. Reding, MD 


e A 3-oz water swallow test identified 80% (16/20) of pa- 
tients aspirating during a subsequent videofluoroscopic 
modified barium swallow examination (sensitivity, 76%; 
specificity, 59%). It also identified patients with more 
severe dysphagia aspirating larger amounts (sensitivity, 
94%; specificity, 26%) or thicker consistencies (sensitivity, 
94%; specificity, 30%) of test material. The 3-oz water 
swallow test is a sensitive screening tool for identifying pa- 
tients at risk for clinically significant aspiration who need 
referral for more definitive modified barium swallow 
evaluation. 
(Arch Neurol. 1992;49:1259-1261) 


T's incidence of dysphagia in patients following stroke 

has been well documented, ranging from 14% for pa- 
tients with unilateral-hemisphere lesions to 71% for pa- 
tients with brain-stem lesions.’ Dysphagia can result in a 
variety of medical complications, including upper airway 
obstruction, aspiration pneumonia, dehydration, inani- 
tion, and death. 

It is widely accepted that the assessment of dysphagia is 
most accurately achieved by videofluoroscopic modified 
barium swallow (MBS) examination, in which aspiration 
can be accurately identified and its cause determined. Re- 
cent studies at The Burke Rehabilitation Center, White 
Plains, NY, have shown that identification of aspiration, 
the consistency of the material aspirated, and the timing of 
aspiration all help identify those patients who are at 
greater risk for developing the medical complications of 
pneumonia and death.’ 

Although videofluoroscopic MBS examination is the ac- 
cepted method of evaluating swallowing function, it is 
impractical to perform this procedure on every patient 
who is admitted for stroke rehabilitation. It has therefore 
been necessary to develop clinical screening methods to 
identify those patients who are at risk for aspiration and 
therefore in need of more comprehensive MBS swallowing 
evaluation. 

The bedside swallowing evaluation has long been crit- 
icized for its lack of accuracy in identifying aspirating pa- 
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tients. Splaingard and his colleagues’? found that the bed- 
side evaluation identified only 18 of 43 patients who 
aspirated on MBS examination. Logemann et al (as re- 
ported by Linden)* found that experienced clinicians 
missed diagnosing aspiration approximately 50% of the 
time by bedside evaluation alone. 

Several authors have proposed the use of key clinical 
signs and symptoms to predict possible aspiration and the 
need for referral for MBS examination. Horner and Mas- 
sey’ reported that aspirating subjects were distinguished 
from nonaspirating subjects by a lower prevalence of sub- 
jective complaints of swallowing difficulty and a higher 
prevalence of both weak cough reflex and dysphonia. Lin- 
den and Siebens‘ identified wet-hoarse voice quality and 
impaired pharyngeal gag reflex to be correlated with the 
presence of aspiration on MBS examination in nine of 11 
patients they studied. Scales et al’ identified seven clinical 
signs that were common to many aspirating patients they 
studied. Up to 42% of subjects with aspiration on MBS ex- 
amination were identified with the use of this clinical 
examination. 

Gordon et al have defined dysphagic individuals as 
those who could not drink 50 mL of water or who coughed 
more than once after completion of the water swallow test. 
With these criteria, they found that 45% of their population 
of patients with acute stroke were dysphagic on admission. 
Because their patients did not undergo MBS evaluation, 
the relationship between an abnormal water swallow test 
result and aspiration is unknown. Our goal was to deter- 
mine the sensitivity and specificity of a similar water 
swallow test, using 90 mL of water, to predict aspiration, 
amount of aspiration, and consistency of material aspi- 
rated on MBS examination. 


PATIENTS AND METHODS 


Forty-four sequential patients who were resident on a stroke 
rehabilitation unit and who had one or more of the following fea- 
tures, indicating possible dysphagia, were studied: (1) bilateral 
hemispheric stroke, (2) brain-stem stroke, (3) history of pneumo- 
nia during the acute stroke phase, (4) coughing associated with 
feeding, (5) failure to consume half of meals, (6) prolonged time 
required for feeding, and (7) nonoral feeding program in 
progress. The above criteria are components of clinical screening 
tools that have been described by other authors.” They represent 
key signs and symptoms associated with an increased risk of 
dysphagia. Diagnosis of stroke was determined in all patients 
based on clinical history, neurologic examination findings, and 
computed tomography or magnetic resonance imaging. Those 
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patients who had any of the seven clinical features indicating 
possible dysphagia were referred for both the 3-oz water swallow 
test and MBS evaluation. 

Patients were given 3 oz of water and asked to drink from a cup 
without interruption. Coughing during or for 1 minute after 
completion or the presence of a postswallow wet-hoarse voice 
quality were scored as abnormal. 

The MBS evaluation consisted of 5 mL of thin barium liquid, 
5 mL of thick barium liquid, 5 mL of barium impregnated pud- 
ding, one fourth of a cookie coated with barium, 20 mL of thin 
barium liquid to be taken in one swallow, and 30 mL of thin bar- 
ium liquid to be taken in consecutive swallows. Patients were 
seated upright and viewed in the lateral position and then in the 
anteroposterior position for one 5-mL thin liquid swallow. The 
fluoroscopic studies were recorded with a videocassette recorder 
with a video-counter timer (Panasonic AG-6200, Matshushita 
Audio-Video Systems Division, Osaka, Japan) and viewed by two 
speech-language pathologists who determined the presence or 
absence of aspiration and the consistency of material aspirated 
and estimated the amount of material aspirated as less than 10% 
or greater than 10%. 

The data were analyzed comparing the results of the clinical 
3-oz water swallow test with the results of the videofluoroscopic 
MBS examination using the chi-square statistic. The sensitivity 
and specificity of the 3-oz water swallow test as an indicator of 
aspiration on MBS were determined. Specificity expressed as a 
percentage was defined as (1—B)X100, where B indicates the 
false-positive rate. Sensitivity expressed as a percentage was de- 
fined as (1—A)X100, where A indicates the false-negative rate. 


RESULTS 


The mean (+SD) age of the patients studied was 71+10 
years. Patients were evaluated a mean of 5+3 weeks fol- 
lowing stroke. Fourteen patients had right-hemisphere 
strokes, 17 had left-hemisphere strokes, three had bilateral 
hemispheric strokes, and 10 had brain-stem or other 
strokes. The results of the 3-oz water swallow test showed 
that 24 patients coughed, 12 had wet-hoarse voice quality, 
and 27 had some combination of these two features. The 
results of the videofluoroscopic MBS examination showed 
that 20 patients aspirated, eight patients aspirated greater 
than 10% of a test amount, and nine aspirated thickened 
liquids or more solid consistency test material. 

When data were analyzed based on the presence of 
cough and/or wet-hoarse voice quality, the 3-oz water 
swallow test identified 16 of 20 patients with evidence of 
aspiration on MBS examination and yielded abnormal re- 
sults in 11 patients without evidence of aspiration on MBS 
examination (sensitivity, 76%; specificity, 59%; x°, 5.37; 
P=,.02). The water swallow test result was also abnormal in 
eight of nine patients with aspiration of thickened liquid 
or more solid consistencies of test material (sensitivity, 
94%; specificity, 30%; x, 5.9; P=.05). It also identified seven 
of eight patients who aspirated more than 10% of the test 
material administered (sensitivity, 94%; specificity, 26%; 
x’, 5.69; P=.06). Tables 1 through 3 present additional data. 


COMMENT 


A review of the literature supports the fact that no clin- 
ical screening tests perfectly correlate with, and can there- 
fore substitute for, the MBS examination in the assessment 
of dysphagia and aspiration. However, it is impractical to 
assess all patients with stroke using this procedure. 
There remains a need to identify patients who are at great- 
est risk for dysphagia and aspiration and therefore in need 
of more thorough examination. Our study demonstrates 
that a 3-oz water swallow test is sensitive enough to 
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Table 1.—Relationship Between Cough and/or 
Wet-Hoarse Voice Quality on the 3-oz Water 
Swallow Test and Aspiration on Modified Barium 
Swallow (MBS) Examination 


Variable 







Total No. of patients 
Total with aspiration on MBS 20 






Total with abnormal water swallow test result 27 






Total with abnormal water swallow test result 








and aspiration on MBS 16 
Total false-positive results 11 
Total false-negative results 4 

x? Statistic 5.37 (P=02) 
Sensitivity, % 76 






Specificity, % 59 





Table 2.—Relationship Between Cough and/or 
Wet-Hoarse Voice Quality on the 3-oz Water 
Swallow Test and Aspiration of Greater Than 
10% of a Bolus on Modified Barium 
Swallow (MBS) Examination 


Variable 









Total No. of patients 


Total with greater than 10% aspiration 
on MBS 


Total with abnormal water swallow test 
result 







Total with abnormal water swallow test 
result and aspiration of greater than 









10% on MBS 7 
Total false-positive results 20 
Total false-negative results 1 

x? Statistic 5.69 (P=.06) 
Sensitivity, % 94 






Specificity, % 26 








Table 3.—Relationship Between Cough and/or 
Wet-Hoarse Voice Quality on the 3-oz Water 
Swallow Test and Aspiration of Thickened Liquids or 
More Solid Consistencies on Modified Barium 
Swallow (MBS) Examination 


Variable 









Total No. of patients 


Total with aspiration of thicker consistencies 
on MBS 


Total with abnormal water swallow test result 











Total with abnormal water swallow test result 









and aspiration of thicker consistencies 8 
Total false-positive results 19 
Total false-negative results 1 

x? Statistic 5.917 (P=.05) 
Sensitivity, % 94 






30 





Specificity, % 
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be useful as a screening tool for MBS examination referral. 

The water swallow test had a sensitivity of 76% in pre- 
dicting aspiration during the MBS study. This percentage 
is much higher than that achieved by other clinical screen- 
ing tools used to identify dysphagia. False-negative results 
usually represented patients with only trace aspiration or 
aspiration of less than 10% of study material. False- 
positive results usually showed other oral or pharyngeal 
swallowing abnormalities, indicating an increased risk of 
aspiration. 

The water swallow test had a sensitivity of 94% in pre- 
dicting patients who aspirated more than 10% of a given 
bolus during MBS examination. Although no studies have 
reported an increased risk of medical complications for 
patients aspirating larger amounts of each bolus, the 
amount of material aspirated seems intuitively important. 

The water swallow test had a sensitivity of 94% in pre- 
dicting patients who aspirated thickened liquids or more 
solid consistencies. These patients have more severe dys- 
phagia and are at an increased risk for pneumonia and 
death.’ 

Our results show that the 3-oz water swallow test is 
useful in screening patients for evidence of aspiration to 
determine whether further evaluation via MBS examina- 
tion is warranted. Patients must be alert enough to hold a 
cup and drink from it and must be seated erect to ensure 
the test’s safety. We recommend the use of the 3-oz water 
swallow test in conjunction with the clinical symptom 
checklist cited in the “Patients and Methods” section to 
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identify patients who are at risk for aspiration and are 
therefore in need of more comprehensive evaluation via 
MBS examination. 


This study was supported by US Public Health Service grant 
1-RO1-DC00885-01. 
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Cerebral Glucose Metabolism in Parkinson’s Disease 
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e Although cognitive impairment is commonly associated 
with Parkinson’s disease, the relative importance of cortical 
and subcortical pathologic changes to the development of 
dementia is controversial. Characteristic abnormalities in 
cortical glucose metabolism have been reported previously 
in Alzheimer’s disease, a disease in which cortical changes 
predominate. We measured cerebral glucose metabolism 
with positron emission tomography in 20 control subjects 
and in 14 patients with PD with mental status ranging from 
normal to severely demented to determine whether changes 
in cortical glucose metabolism occur in early PD and 
whether the degree and pattern of metabolic change relate 
to the severity of dementia. The patients were divided into 
demented and nondemented groups according to the results 
of neuropsychological assessment. Age-adjusted covariance 
analyses were performed, since the age distribution varied 
between groups. The nondemented patients with PD 
showed widespread cortical glucose hypometabolism with- 
out any selective temporoparietal defects. The pattern of 
glucose hypometabolism seen in the demented patients with 
PD resembled that described in patients with Alzheimer’s 
disease; ie, there was a global decrease in glucose metabo- 
lism, with more severe abnormalities observed in the tem- 
poroparietal regions. 
(Arch Neurol. 1992;49:1262-1268) 


a ogh cognitive impairment is commonly associated 
with Parkinson’s disease (PD), the relative impor- 
tance of cortical and subcortical pathologic changes to the 
development of dementia is uncertain. Many demented 
patients with PD have prominent cortical changes with 
abundant neurofibrillary tangles and neuritic plaques, 
neuronal cell loss, and decreased cortical somatostatin 
levels.' However, cognitive impairment in PD has also 
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been described in the absence of these Alzheimerlike cor- 
tical changes.” The prominence of the subcortical lesions 
in PD and the differences in the neuropsychological 
features of dementia in PD and Alzheimer’s disease (AD)! 
have led to the proposal of a specific subcortical process as 
a determinant of the intellectual deterioration in PD.5 The 
concept of subcortical dementia has been introduced to 
describe the pattern of mental impairment that occurs in 
disorders in which the predominant changes involve sub- 
cortical structures.° Subcortical dementia is reputed to be 
characterized by forgetfulness, slowing of thought pro- 
cesses (bradyphrenia), apathy or depression, and impaired 
ability to manipulate acquired knowledge. Aphasia, 
apraxia, and agnosia, said to be hallmarks of the cortical 
lesions of AD, are absent. However, the division of 
dementia into cortical and subcortical categories is contro- 
versial, and the concept remains the subject of considerable 
debate. 

Measurement of the regional cerebral metabolic rate of 
glucose (rCMRG) with positron emission tomography 
(PET) provides a method with which to assess the severity 
and distribution of cortical and subcortical dysfunction in 
vivo. Several studies have reported hypometabolic 
changes in AD that are claimed to be characteristic.”? In 
early AD, there are mild, focal changes, while, as the dis- 
ease progresses, hypometabolism becomes more promi- 
nent and widespread. The most dramatic decrease in me- 
tabolism occurs in association cortex, whereas primary 
sensorimotor cortex and subcortical structures are rela- 
tively spared. We and others have previously reported that 
a pattern of cortical hypometabolism similar to that seen 
in patients with AD is present in patients with PD and 
dementia,'™!? and that this pattern differs from the pattern 
seen in patients with PD and normal cognition. The present 
study was undertaken to determine whether nonde- 
mented patients with PD have evidence of cortical or sub- 
cortical rCMRG changes when compared with normal 
controls and whether any differences between demented 
and nondemented patients were disease or age related. 


PATIENTS AND METHODS 
Patients 


We studied 14 patients with PD who had intellectual function 
ranging from normal to severely demented. Computed tomogra- 
phy or magnetic resonance imaging was performed in all patients. 
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Table 1.—Neuropsychological Grades in Four Major Areas of Cognitive Functioning According to Modified 
Functional Rating Scale* 


Nondemented 
Nondemented 
Nondemented 
Nondemented 
Nondemented 
Nondemented 
Nondemented 
Nondemented 
Demented 
Demented 
Demented 
Demented 
Demented 


Demented 


Language Reasoning Orientation 


*1 indicates normal: 2, borderline; 3, mildly abnormal; 4, moderately abnormal; and 5, severely impaired (see text). 


Patients were included only if cognitive abnormalities were not 
attributable to drug toxicity or causes other than PD and in whom 
computed tomography or magnetic resonance imaging did not 
suggest an alternative cause of cognitive dysfunction. None had 
acute confusion, hallucinations, psychosis, or major depression at 
the time of assessment. 

The severity of the motor deficit in each patient was determined 
after the patient had not taken medication for about 12 hours and 
was recorded as a modified Columbia score.’ One patient had 
mild disease (Hoehn and Yahr" stage 2), while the other 13 were 
more severely affected (Hoehn and Yahr stages 3 through 5). 

Detailed neuropsychological examination was performed with 
a test battery that included the Wechsler Adult Intelligence 
Scale-Revised,'> Raven’s Progressive Matrices,'° Wisconsin Card 
Sorting Test,” Word Fluency Test, Wechsler Memory Scale,” 
Benton Visual Retention,” Rey Auditory Learning Test,” and Ja- 
cobs’ Cognitive Capacity Screening Examination.” Patients with 
dementia identified by these tests were assessed further using the 
Mattis Dementia Scale,” the Multi-Focus Assessment Scale for the 
Frail Elderly,” and the Token Test.” Because of the wide range of 
patient deficits, not all tests could be completed by all the patients. 
If a patient could not complete a more difficult test, an easier one 
was employed to evaluate residual abilities. The presence of de- 
pression was assessed with the Zung depression score.” 

The results of this battery were used to grade patients accord- 
ing to a modification of the Functional Rating Scale (FRS) of the 
Alzheimer’s Clinic, University of British Columbia, Vancouver.” 
The FRS has eight elements, each graded from 1 to 5 as follows: 
1, normal; 2, borderline; 3, mild deficit; 4, moderate deficit; and 
5, severe deficit. Our modification included only the ratings in 
four major areas of cognitive functioning, ie, memory, language, 
problem solving and reasoning, and orientation. Individual 
patient scores are listed in Table 1. The assignment of FRS scores 
was performed by a psychologist who was blind to neurologic 
status and was based exclusively on the neuropsychological test 
data. 

Patients were divided into two groups based on the results of 
neuropsychological assessment: (1) a demented group, consisting 
of six patients with unequivocal impairment (FRS score >2) in at 
least one area of cognitive functioning; and (2) a nondemented 
group, consisting of eight patients considered to be intellectually 
intact. The nondemented patients had, at most, borderline (FRS 
score = 2) abnormalities on neuropsychological assessment. The 
demented group had a mean age of 71.2 years (range, 57 to 82 
years) and a mean Columbia score of 36.8 (range, 12 to 66). The 
nondemented group had a mean age of 61.8 years (range, 49 to 
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77 years) and a mean Columbia score of 23.3 (range, 16 to 45). 
Structural images were available for review in all eight nonde- 
mented patients and in five of the demented patients. These im- 
ages were evaluated blindly without regard to the clinical or the 
PET data. Cortical atrophy, ventricular dilatation, and bicaudate 
diameter were each graded from 0 to 3. 

The control group consisted of 20 normal subjects including 10 
elderly individuals who were functioning independently in the 
community and 10 young to middle-aged adults who were 
healthy scientists. The mean age of the normal subjects was 49.3 
years (range, 20 to 81 years). Informed consent was obtained from 
all patients and controls after the nature of the procedures had 
been fully explained. 


Positron Emission Tomography 


The PET studies were performed with the UBC/TRIUMF PETT 
VI system.” This apparatus collects emission data simultaneously 
from seven contiguous axial sections with a center-to-center slice 
separation of 14 mm and an average axial resolution of about 
11 mm full width at half maximum. All studies were performed 
in the high-resolution mode, yielding an in-plane resolution av- 
eraging 9.2 mm full width at half maximum. 

Preparation of the patient included the percutaneous insertion 
of a radial artery catheter under local anesthesia to permit 
frequent sampling of arterial blood and the insertion of an intra- 
venous catheter for isotope injection in the opposite arm. The 
head was positioned with the aid of a vertical laser line such that 
the image planes were parallel to the orbitomeatal line. During the 
scanning procedure, the subject lay at rest with head movement 
limited by a molded thermoplastic face mask. The eyes were cov- 
ered. The ears were not occluded. A transmission scan was per- 
formed with a germanium 68-containing ring phantom prior to 
tracer administration. A second transmission scan was performed 
after the patient’s position was shifted 7 mm in the direction of 
the Z axis (ie, half of the slice separation). These data permitted 
measured corrections for photon attenuation to be applied to PET 
data obtained in each of these two positions. 

A PET scan (duration, 15 minutes) was performed starting 40 
minutes after administration of 3 to 5 mCi of fludeoxyglucose F 
18. The patient’s position was then shifted axially 7 mm, and a 
second PET scan (duration, 15 minutes) was performed. A series 
of arterial blood samples were drawn starting immediately after 
injection and continuing until the completion of the scanning 
procedure. Regional glucose metabolism was quantified by using 
the 3-compartment model initially developed by Sokoloff et al” 
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Fig 1.—Region of interest placement. Top, The 14-slice display of 


positron emission tomographic images shows the location of individual 
regions of interest. The two images with striatal and thalamic regions of 
interest are shown on the lower right. Sections are numbered in relation 
to the level of the basal ganglia (BG=0). The scale on the right-hand side 
is calibrated in units of glucose metabolism (mg/[minX 100 g]) (from 
Peppard et al'°). Bottom, The grouping of cortical regions of interest is 
shown on a lateral view of the brain. SF indicates superior frontal area; 
MIF, midtrontal area; OF, orbitofrontal area; P-R, perirolandic area (P, 
precentral; R, postcentral); SM, supramarginal area; ANG, angular gy- 
rus area; SPL. superior parietal lobule; ST, superior temporal; MT, 
midtemporal area; and IT, inferior temporal area (from Peppard et al’®). 


and subsequently modified by Phelps et al” and Brooks.” Liter- 
ature values for the kinetic rate constants and for the lumped 
constant were employed.” 


Data Analysis 


Regions of interest of fixed size and shape were placed on each 
transverse image (Fig 1, top). Placement was guided by an atlas 
of axial tomographic anatomy,” with adjustments according to 
apparent variation in head positioning from the orbitomeatal 
plane. For large cortical regions and the cerebellum, a volume- 
weighted mean was calculated from the rCMRG within individ- 
ual regions of interest of the same size from adjacent sites within 
slices and in consecutive slices. For example, the mean activity of 
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Fig 2.—Regional cerebral metabolic rate of glucose (rCMRG) in normal 
subjects and in patients with Parkinson’s disease with and without de- 
mentia. The solid jagged line and the surrounding shaded area represent 
the mean and SD for the normal group; open symbols, the mean and SD 
for Parkinson’s disease without dementia; and the solid symbols, the 
mean and SD for Parkinson’s disease with dementia. See text for signif- 
icant differences. Region numbers on the abscissa are as follows (odd 
numbers refer to the left hemisphere; even numbers, to the right): 1 and 
2, superior frontal; 3 and 4, midfrontal; 5 and 6, orbitofrontal; 7 and 8, 
perirolandic; 9 and 10, supramarginal gyrus; 11 and 12, angular gyrus; 
13 and 14, superior parietal lobule; 15 and 16, medial occ pest, 17 and 
18, superior temporal; 19 and 20, midtemporal; 21 and 22, inferior 
temporal; 23 and 24, medial temporal; 25 and 26, caudate nucleus; 27 
and 28, lenticular nucleus; 29 and 30, thalamus; and 31 and 32, 
cerebellum. 


six regions of interest (labeled 0 on slices +1 to +6 in Fig 1, top) 
from consecutive slices was taken as the metabolic rate of the left 
superior frontal area. In this way, rCMRG values were obtained 
for areas corresponding to superior frontal, midfrontal, orbito- 
frontal, perirolandic (precentral and postcentral regions com- 
bined), supramarginal, angular, superior parietal, superior tem- 
poral, middle temporal, inferior temporal, anteromedial 
temporal, and medial occipital regions (Fig 1, bottom). For sub- 
cortical structures (ie, thalamus, caudate, and putamen), the 
rCMRG was determined from regions of interest placed over the 
area of maximum activity on the single slice that showed highest 
activity for that structure. 

The rCMRG values were transformed logarithmically to reduce 
the observed dependence within each region between the calcu- 
lated rCMRG mean and the corresponding standard deviation. 
For most regions, linear regression of rCMRG on age in the com- 
bined normal and PD groups showed a significant negative rela- 
tionship on age. Since the age distributions varied in these groups, 
age-adjusted covariance analyses were performed in the regional 
comparisons between the groups, accompanied by Duncan mul- 
tiple range tests to elucidate group differences when they were 
found to be significant. 


RESULTS 


The rCMRG values from each group are indicated in Fig 
2. Regional comparisons between groups are summarized 
in Table 2. Figure 3 shows the mean CMRG (mean of 32 
regions) for each group. Significant reductions (mean, 
20.7%) in the rCMRG for 31 of 32 cortical and subcortical 
areas were found in the group of cognitively intact patients 
with PD compared with the normal group (P<.05 for 
putamen; P<.01 for all other regions). The one region that 
did not differ significantly was the right medial temporal 
area. In patients with PD and dementia, cortical metabo- 
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Table 2.—Comparison of Regional Cerebral Metabolic Rate of Glucose (rCMRG) in Controls and Patients With 
Parkinson’s Disease With (Dem) and Without (Nondem) Dementia* 





Left Right 
Dem<Nondem Dem<Normal Nondem<Normal Dem<Nondem Dem<Normal Nondem<Normal 
Superior frontal NS t t NS t t 
Middle frontal t t t NS t + 
Orbitofrontal NS t t NS t $ 
Perirolandic t t t NS t t 
Supramarginal t + + + + + 
Angular + + + + + + 
Superior parietal t i t + . + 
Superior temporal t t + + + + 
Middle temporal t t + + + + 
Inferior temporal t t + + + + 
Medial temporal NS t t NS 4 NS 
Medial occipital t t t t t t 
Caudate NS t t NS NS + 
Putamen NS NS $ NS NS + 
Thalamus NS t t NS + + 
Cerebellum NS t + NS + + 


«Analysis of covariance of log rCMRG on age and the three groups, giving an age-adjusted comparison between groups. Dem<Nondem indicates 
that the mean rCMRG is significantly lower in the Dem than in the Nondem group (Duncan multiple range test). NS indicates nonsignificant; dagger, 


P<.01; and double dagger, P<.05. 


10 


Mean CMRG, mg/100 g/min 


PDN PDD 


Normal 


Diagnosis 


Fig 3.—Scatter diagram showing cerebral glucose metabolism (CMRG) 
in normal controls (n=20), in nondemented patients with Parkinson’s 
disease (PDN) (n=8), and in demented patients with Parkinson’s disease 
(PDD) (n=6). Each point represents the mean of 32 cortical and subcor- 
tical regions from one patient. The mean SD is shown for each group. 


lism was depressed further, significantly different from 
normal (P<.01) in all areas. In demented patients, the mean 
rCMRG was 31.9% less than normal and 14.1% less than in 
nondemented patients. The rCMRG was significantly 
lower (P<.01) in the demented than the nondemented pa- 
tients with PD in parietal, occipital, and lateral temporal 
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regions (region numbers 9 to 22 in Fig 2). Superior frontal 
and orbitofrontal metabolism did not differ significantly 
between PD groups; midfrontal and perirolandic metabo- 
lism was decreased in demented vs nondemented patients 
in the left hemisphere only (P<.01). Striatal, thalamic, and 
cerebellar metabolism did not differ significantly between 
the two PD groups. There was no significant difference in 
the estimates of cortical atrophy, ventricular dilatation, or 
bicaudate diameter between the two groups. 


COMMENT 


Previous investigators have reported studies of cortical 
metabolism in PD. Rougemont et al? found a slight 
increase in glucose metabolism in the striatum of four 
nondemented patients with PD, but cortical changes were 
minimal. Metter et al** found a reduced number of inter- 
regional correlations in PD and proposed that the basal 
ganglia functioned as a coordinator of cortical activity. 
They did not comment on the relationship between de- 
mentia and these correlations. Although Wolfson et al” 
observed a widespread decrease (20%) in regional cerebral 
blood flow in nondemented patients with PD, this decrease 
was unaccompanied by comparable changes in oxygen 
metabolism. They postulated that this global decrease may 
be produced by abnormalities of dopaminergic innerva- 
tion within the arteriolar wall. In addition, they found that 
in frontal cortex both blood flow and metabolism were de- 
creased contralateral to the symptomatic limbs in patients 
with unilateral disease and suggested that this may be 
secondary to decreased mesocortical dopaminergic input. 
In contrast to these findings, Lenzi et al% reported impair- 
ment of parietal oxidative metabolism measured with a 
nontomographic technique in PD in the absence of 
dementia. 

Diffuse cerebral glucose hypometabolism in PD, more 
severe in patients with dementia, has been described pre- 
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viously by Kuhl et al." These investigators also observed 
marked parietal hypometabolism resembling that seen in 
AD in one moderately demented patient with PD. In this 
study, however, patients were “interviewed” and rated for 
dementia on a 4-point scale; there was no reported 
neuropsychological testing. Kuhl and colleagues’* subse- 
quently observed bilateral cortical hypometabolism that 
was most marked in posterior parietal areas in a group of 
subjects with PD who varied from nondemented to se- 
verely demented. They found that the ratio of parietal to 
cerebellar rCMRG decreased with advancing dementia. 
However, the global cerebral metabolic rate did not differ 
significantly between the normal controls and the nonde- 
mented or mildly demented patients. 

Our work confirms and extends these previous obser- 
vations. By examining parkinsonian patients who were 
categorized according to the results of detailed neuropsy- 
chological testing, we were able to define the presence of 
metabolic deficits in the absence of dementia in both cor- 
tical and subcortical (ie, thalamus and basal ganglia) 
regions, as well as more marked cortical changes occurring 
in conjunction with dementia. We have previously shown 
that the changes that we observed in patients with demen- 
tia were similar in distribution to those seen in patients 
with AD.® Although the motor symptomatology was 
slightly worse in patients with than without dementia, this 
would not explain our results given our previous observa- 
tion that there is no significant correlation between rCMRG 
and Columbia score.” The difference in mean age between 
the control and the disease groups introduces a potential 
concern. The statistical methodology that we used, how- 
ever, consisted of an analysis of covariance that provided 
an age-corrected comparison between groups and demon- 
strated that the difference between groups could not be 
explained by age alone. We did not correct our results for 
multiple comparisons, but our finding of widespread hy- 
pometabolism remains valid because we would expect to 
observe differences between groups in only one or two of 
the 32 regions analyzed if these differences were based on 
chance alone. 

The presence of cortical changes in PD/dementia that 
are similar to those in AD could represent the coincident 
occurrence of two common disorders. Only the addition of 
histologic information would allow us to address this pos- 
sibility directly. Of interest is the patient described by 
Schapiro et al. This individual had parkinsonism with 
dementia and temporoparietal hypometabolism similar to 
that described above. At autopsy, the patient was con- 
firmed to have PD with no evidence of AD. These changes 
in cortical metabolism, therefore, are likely nonspecific. 

The major determinant of cerebral glucose utilization is 
thought to be synaptic activity, given the large surface 
area—volume ratio of the dendrites and terminal axons that 
are actively involved in maintaining the electrical gradient 
across neuronal membranes.” Hypometabolism could re- 
flect a structural change with loss of synapses due to de- 
creased numbers of cortical neurons, degeneration of ax- 
ons, or reduced dendritic branching. Although major 
cortical pathologic changes have not been described in PD, 
structural changes may not be recognized by conventional 
histologic methods. Special morphometric techniques are 
required to examine the extent of cortical dendritic ar- 
borization. Cortical neuronal degeneration may also be 
difficult to detect if the common hallmarks of damage are 
not present. Marked neuronal cell loss, with its usual as- 
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sociations of gliosis and neurofibrillary tangle formation, 
is readily recognizable by conventional microscopy, but 
more subtle changes may be less apparent. For example, 
immunocytochemical staining methods for ubiquitin were 
required to reveal the occurrence of widespread cortical 
Lewy body formation in cases of PD with dementia.” 

Alternatively, cortical hypometabolism could be due to 
a functional abnormality in the absence of structural 
change, eg, loss of excitatory input from subcortical 
centers. In PD, several subcortical systems that project 
widely to the cortex are involved, and might account for 
the diffuse changes in metabolism that we have found. Al- 
though such systems probably account for only a small 
proportion of cortical synapses, there could be a cascade 
effect of reduced activity mediated through cortical inter- 
neurons and corticocortical connections. 

Dopaminergic underactivity in the mesocortical (sub- 
stantia nigra—caudate-pallidum-thalamus-cortex) or me- 
solimbic (ventral tegmental area—ventral striatum-—limbic 
cortex) systems may contribute to the development of de- 
mentia in PD*' and may be responsible for some of the 
changes that we observed. A reduction of dopamine con- 
tent in limbic forebrain regions has been described in PD.* 
Using the “C-2-deoxy-D-glucose autoradiography tech- 
nique, lesions of the diffusely projecting, ascending cate- 
cholaminergic pathways in rats have been investigated.” 
Unilateral electrolytic lesions in the lateral hypothalamic 
area consistently produced an ipsilateral decrease in glu- 
cose metabolism of the frontal cortex, striatum, and parts 
of the thalamus. In contrast, large electrolytic lesions of the 
pons, destroying ascending noradrenergic fibers, and 
6-hydroxydopamine lesions of the locus coeruleus did not 
produce forebrain metabolic asymmetry. Electrolytic and 
6-hydroxydopamine lesions of the substantia nigra and 
ventral tegmental area were capable of producing an ipsi- 
lateral reduction in forebrain glucose uptake. Although the 
latter lesions may involve noradrenergic as well as dopam- 
inergic fibers, the authors concluded that involvement of 
dopaminergic systems is essential for this effect on fore- 
brain metabolism and that lesions of noradrenergic fibers 
alone are adequate to account for the metabolic changes. 

Rostral projections from noradrenergic cell groups in the 
medulla and pons diffusely innervate the cerebral cortex, 
thalamus, and many parts of the basal ganglia. Cell loss 
from the locus coeruleus* and reductions in norepineph- 
rine levels in the striatum, substantia nigra, and locus co- 
eruleus in PD have been described.” As noted above, 
however, lesions of noradrenergic fibers alone are thought 
to be inadequate to account for the changes in cortical 
metabolism. 

Subcortical lesions involving the basal forebrain—cortical 
cholinergic system may play an important role in the de- 
velopment of the cognitive deficits in AD.*®? Cell loss from 
the nucleus basalis of Meynert, the origin of the cholinergic 
fibers that project diffusely to the cerebral cortex, has also 
been described in PD,” as has decreased choline acetyl- 
transferase activity in the cerebral cortex” and substantia 
innominata.” Moderate loss of cholinergic neurons of the 
medial basal forebrain and reduction in cortical and sub- 
cortical choline acetyltransferase activity have been noted 
in nondemented patients, with more severe reductions oc- 
curring in patients with significant dementia.” A marked 
depression of energy metabolism has been demonstrated 
in ipsilateral cerebral cortex following unilateral nucleus 
basalis lesions in primates.” This depression was most 
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marked in frontotemporal regions and displayed signifi- 
cant recovery with time; it is not clear whether a chronic 
change in cortical metabolism occurs secondary to nucleus 
basalis lesions. We are unaware of any description of hy- 
pometabolism restricted to temporoparietal regions occur- 
ring in the setting of a subcortical lesion. 

Other neurotransmitter systems and feedback loops are 
also potentially involved in the pathogenesis of diffuse 
cortical metabolic changes. Ascending serotoninergic fi- 
bers from the raphe nuclei have a widespread projection 
to the cerebral cortex,® and reduced levels of striatal and 
nigral serotonin have also been found in PD.” Diffuse in- 
fluences on cortical metabolism could also be exerted 
through the corticostriatopallido thalamocortical feedback 
loops.*! Function in these loops is thought to be modulated 
by dopaminergic nigrostriatal input. 

Despite the selective nature of the pathologic process in 
PD, we found widespread glucose hypometabolism across 
cortical and subcortical (ie, basal ganglia and thalamus) 
regions in all patients with no or minimal cognitive 
impairment on detailed neuropsychological testing. This 
suggests the involvement of one or more diffusely project- 
ing neuronal systems. The heterogeneity of cortical micro- 
structure and the known topographic predilection of cor- 
tical pathologic changes (eg, neurofibrillary tangles in the 
hippocampus and in parietal and temporal association 
cortex) mitigates against an intrinsic cortical process being 
responsible for such a diffuse abnormality. In contrast, 
however, with the development of clinical dementia, we 
found a significant further decrease in cortical metabolism, 
particulary in temporoparietal areas, suggesting that 
evolving cortical changes may be related to the develop- 
ment of dementia in PD. The findings imply the presence 
of significant cortical reserve, so that a diffuse reduction in 
synaptic activity is unassociated with cognitive change 
until a threshold is reached, at which point a more marked 
depression of function in temporoparietal regions is su- 
perimposed on the global changes. The absence of a 
significant difference in basal ganglia or thalamic metab- 
olism between the two PD groups argues against the direct 
involvement of these structures in the development of de- 
mentia in PD. This does not argue against the general con- 
cept of “cortical” vs “subcortical” dementia, but does sug- 
gest that cortical changes may be responsible for impaired 
cognition in this specific disorder. 
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Abnormal Liver 

Function Test 1 (1.2) 0 2 (0.4) 1 (0.6) 0 75) 
Edema 0 0 2 (0.4) 2(1.2) O 3 (0.6) 
Diarrhea 0 3 (4.2) 0 3 (1.7) 0 3 (0.6) 
Rash 2 (2.4) 0 3 (0.6) 2@Q2) 0 3 (0.6) 
Headache 0 1 (1.4) 6 (1.2) 0 0 1 (0.2) 
Gastrointestinal 

Symptoms 2 (2.4) 0 0 2a2 0 0 
Nausea 1 (1.2) 1 (1.4) 6 (1.2) 1 (0.6) 0 0 
Dyspnea 1 (1.2) 0 0 0 0 0 
EKG Abnormalities 0 1 (1.4) 0 1 (0.6) 0 0 
Tachycardia 0 1 (1.4) 0 0 0 0 
Bradycardia 0 0 5 (1.0) 1(0.6) 0 0 
Muscle Pain/Cramp 0 1 (1.4) 1 (0.2) 1(0.6) 0 0 
Acne 0 1 (1.4) 0 0 0 0 
Depression 0 1 (1.4) 0 0 0 0 


There were no other adverse experiences reported by the patients who were given 0.35 
mg/kg q4h, 30 mg q4h or 120 mg q4h. Adverse experiences with an incidence rate of less 
than 1% in the 60 mg q4h dose group were: hepatitis; itching; gastrointestinal hemorrhage; 
thrombocytopenia; anemia; palpitations; vomiting; flushing; diaphoresis; wheezing; phenytoin 
toxicity; lightheadedness; dizziness; rebound vasospasm, jaundice; hypertension; hematoma. 
Adverse experiences with an incidence rate less than 1% in the 90 mg q4h dose group were: 
itching, gastrointestinal hemorrhage; thrombocytopenia; neurological deterioration; vomiting; 
diaphoresis; congestive heart failure; hyponatremia; decreasing platelet count; disseminated 
intravascular coagulation; deep vein thrombosis. 

As can be seen from the table, side effects that appear related to nimodipine use based on 
increased incidence with higher dose or a higher rate compared to placebo control, included 
decreased blood pressure, edema and headaches which are known pharmacologic actions of 
calcium channel blockers. It must be noted, however, that SAH is frequently accompanied by 
alterations in consciousness which lead to an under reporting of adverse experiences. Patients 
who received nimodipine in clinical trials for other indications reported flushing (2.1%), 
headache (4.1%) and fluid retention (0.3%), typical responses to calcium channel blockers. As 
a calcium channel blocker, nimodipine may have the potential to exacerbate heart failure in 
susceptible patients or to interfere with A-V conduction, but these events were not observed. 
No clinically significant effects on hematologic factors, renal or hepatic function or carbohy- 
drate metabolism have been causally associated with oral nimodipine. Isolated cases of non- 
fasting elevated serum glucose levels (0.8%), elevated LDH levels (0.4%), decreased platelet 
counts (0.3%), elevated alkaline phosphatase levels (0.2%) and elevated SGPT levels (0.2%) 
have been reported rarely. 

OVERDOSAGE: There have been no reports of overdosage from the oral administration of 
Nimotop®. Symptoms of overdosage would be expected to be related to cardiovascular effects 
such as excessive peripheral vasodilation with marked systemic hypotension. Clinically signifi- 
cant hypotension due to Nimotop® overdosage may require active cardiovascular support. 
Norepinephrine or dopamine may be helpful in restoring blood pressure. Since Nimotop® is 
highly protein-bound, dialysis is not likely to be of benefit. 

DOSAGE AND ADMINISTRATION: Nimotop is given orally in the form of ivory colored, soft 
gelatin 30 mg capsules for subarachnoid hemorrhage. 

The oral dose is 60 mg (two 30 mg capsules) every 4 hours for 21 consecutive days, prefer- 
ably not less than one hour before or two hours after meals. Oral Nimotop® therapy should 
commence within 96 hours of the subarachnoid hemorrhage. 

If the capsule cannot be swallowed, e.g., at the time of surgery, or if the patient is uncon- 
scious, a hole should be made in both ends of the capsule with an 18 gauge needle, and the 
contents of the capsule extracted into a syringe. The contents should then be emptied into the 
patient's in situ naso-gastric tube and washed down the tube with 30 mL of normal saline 
(0.9%). 

Patients with hepatic cirrhosis have substantially reduced clearance and approximately dou- 
bled C,,,,,- Dosage should be reduced to 30 mg every 4 hours, with close monitoring of blood 
pressure and heart rate. 
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Dose Ranging Efficacy and Safety of Subcutaneous 
Sumatriptan in the Acute Treatment of Migraine 


Ninan T. Mathew, MD; James Dexter, MD; James Couch, MD, PhD; Walter Flamenbaum, MD; Jerome Goldstein, MD; 
Alan Rapoport, MD; Fred Sheftell, MD; Joel Saper, MD; Stephen Silberstein, MD; Seymour Solomon, MD; 
Kenneth Welch, MD; on behalf of the US Sumatriptan Research Group 


e Sumatriptan, a specific serotonin,—like receptor agonist, 
was studied in the acute treatment of migraine. Two hun- 
dred forty-two adult migraineurs participated in a random- 
ized, double-blind study in which one dose of I, 2, 3, 4, 6, 
or 8 mg of subcutaneous sumatriptan succinate was evalu- 
ated in sequential ascending fashion. At each dose level, a 
placebo group was included. Efficacy was defined as reduc- 
tion of moderate or severe pain to mild or no pain, without 
the use of rescue medication. Headache relief rates showed 
an approximate dose-response relationship and at 1 hour 
were as follows: placebo, 24%; 1 mg, 43%; 2 mg, 57%; 
3 mg, 57%; 4 mg, 50%; 6 mg, 73%; and 8 mg, 80%. Relief 
of nausea and improvement in clinical disability were also 
approximately dose related. Adverse events were dose re- 
lated; the most common types were injection site reactions 
and tingling. The 6-mg dose was as effective as the 8-mg 
dose but was associated with fewer adverse effects and so 
is optimal. 
(Arch Neurol. 1992;49:1271-1276) 


i fi cause of migraine is uncertain but may be the result 
of vascular and/or neurologic dysfunction." The first 
demonstration of a relationship between serotonin 
(5-HT) and migraine was an increased urinary excretion of 
the main serotonin metabolite, 5-hydroxyindoleacetic acid, 
in some patients with acute migraine.’ A fall in platelet 
5-HT levels during migraines in response to 5-HT- 
releasing substance present in plasma was next reported.” 
Attempts to use serotonin as a treatment for acute migraine 
were unsuccessful because of side effects, despite some 
documented improvement in migraine headache.’ 
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Four major classes of serotonin receptors exist: 5-HT), 
5-HT>, 5-HT3, and 5-HT,; the 5-HT, class has several 
subtypes.'”'* Selective agonists and antagonists have been 
identified for many receptor types.” Sumatriptan, a struc- 
tural analogue of 5-HT (Fig 1), is a selective agonist at 
5-HT|-like receptor, principally found in cranial blood 
vessels.'*'” The diverse effects of 5-HT are due to activation 
of the wide variety of 5-HT receptor subtypes.” 

In anesthetized animals, sumatriptan selectively con- 
stricts the carotid arterial circulation, but there is no effect 
on cerebral blood flow or blood supply to other major or- 
gans.” Sumatriptan has also been shown to inhibit protein 
extravasation and neurogenic inflammation in the dura 
mater associated with antidromic stimulation of the 
trigeminal nerve.” 

Because of the high specificity for the 5-HT)—like recep- 
tor and animal pharmacology, sumatriptan succinate was 
evaluated for efficacy in migraine. The objectives of this 
study were to determine whether a dose-response rela- 
tionship for both efficacy and safety exists. Second, we 
sought to determine whether pharmacokinetic variables 
are linearly related to dose and response. Using precise 
pharmacokinetic and pharmacodynamic clinical data, we 
aimed to find the optimal dose of sumatriptan for the acute 
treatment of migraine. 


PATIENTS AND METHODS 
Population 


Two hundred forty-two healthy adult migraineurs were stud- 
ied at 10 centers in the United States between May 1988 and June 
1989. Written informed consent was obtained after study proce- 
dures had been fully explained. Migraine (with or without aura) 
was diagnosed according to the criteria established by the Inter- 
national Headache Society.” Exclusion criteria included partici- 
pation in any other clinical trial within the previous 2 weeks, acute 
illness immediately before treatment, history of angina, hepatic or 
renal impairment, uncontrolled hypertension, and pregnancy or 
breast-feeding. Use of analgesic or ergot-containing medication 
within the previous 24 hours (or 6 hours for simple analgesics) 
was prohibited. Migraine prophylaxis was allowed. 


Study Design 


This was a randomized, double-blind, placebo-controlled trial. 
Each placebo-controlled arm of the study evaluated a different 
single dose of sumatriptan in ascending fashion: | mg followed by 
2,3, 4, 6, and 8 mg. At each study site, patients were randomized 
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in blocks of four, with three patients receiving sumatriptan and 
one receiving placebo at each dose level. Each patient was treated 
once. Safety data for each block of four were evaluated before the 
patients proceeded to the next higher dose of sumatriptan. Thirty 
patients at each dose level received sumatriptan. Eleven patients 
received placebo at the 4- and 6-mg dose level, and 10 received 
placebo at each remaining dose level. 

Predose evaluations included physical examination, electro- 
cardiography, clinical laboratory tests, vital signs, and migraine 
symptom assessments. Study medication was administered sub- 
cutaneously in the deltoid area. Patients remained in the clinic for 
4 hours after the dose. 

Rescue medications, excluding ergot-containing drugs, were 
allowed at the discretion of the investigator beginning 1 hour af- 
ter dosing. 


5-Hydroxytryptamine 
(Serotonin) 


CH,NHSO,CH, 
ae Sumatriptan 


N 
H 


3-[2-(Dimethylamino)ethyl]-N-Methyl-IH-Indole- 
5-Methane Sulfonamide 





Fig 1.—Chemical structures of serotonin (5-hydroxytryptamine) and 
sumatriptan. 


Clinical Assessments 


Migraine symptoms were evaluated before treatment (base- 
line); at 10, 20, 30, 40, and 50 minutes; and 1, 11%, 2, 2%, 3, and 
4 hours after dose. Patients rated headache by means of a four- 
point scale, where 0 indicated no pain; 1, mild pain; 2, moderate 
pain; and 3, severe pain. Clinical disability also was rated by pa- 
tients by means of a four-point scale, where 0 indicated able to 
work/function normally; 1, working ability mildly impaired; 2, 
working ability severely impaired; and 3, requiring bed rest. Ab- 
sence or presence of nausea, vomiting, and photophobia was 
noted at each time point. 


Safety Assessments 


Adverse events (AEs) and vital signs were assessed at the same 
time as migraine symptoms. Unresolved or new AEs developing 
after discharge were followed up the next day by telephone. All 
AEs beginning after dosing were recorded regardless of their re- 
lationship to the study medication. Serial electrocardiograms 
were recorded every 10 minutes for the first hour and 2 and 
4 hours after dose. Samples for clinical laboratory tests were ob- 
tained before the dose and before discharge. Serum and urine 
pregnancy tests were performed in women before the dose, fol- 
lowed by a serum pregnancy test 7 days after the dose. 


Pharmacokinetic Sampling 


Blood samples for determining sumatriptan serum concentra- 
tions were collected before the dose and 10, 20, and 30 minutes 
after the dose. Sumatriptan concentrations were determined by 
high-performance liquid chromatography with electrochemical 
detection, with a lower limit of quantitation of 1.0 ng/mL and a 
coefficient of variation of 13.2%. 


Statistical Analysis 


We undertook nonparametric analyses of pain, clinical disabil- 
ity, nausea, photophobia, and vomiting. Scores were adjusted for 
use of rescue medications by carrying the last observation (before 
rescue) forward.” Relief was prospectively defined as reduction 
in headache pain from severe or moderate (grade 3/2) to no or 
mild pain (grade 0/1) after dose without the use of rescue med- 
ication. Mantel-Haenszel and extended Mantel-Haenszel tests 
with two-sided P values less than .05 were predetermined to be 
statistically significant. 


Table 1.—Consistency of Demographic Characteristics Between Sumatriptan and Placebo Treatment Groups 


(n=30) 


Age, y 
Mean+SD 
Range 


40.2+8.3 
21-58 


37+9.9 
18-56 


Sex, % of patients 
M 1] 20 
F 89 80 


Clinical symptoms present 


before treatment, % of patients 
Headache severity 
Moderate 
Severe 
Nausea 
Photophobia 


Clinical disability, % of patients 
Mildly impaired (grade 1) 
Severely impaired (grade 2) 
Requiring bed rest (grade 3) 
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(n=30) 


37. 4+8.2 
20-54 





Sumatriptan Succinate, mg 


2 4 6 
(n=30) (n=30) 


36.9£9.7 
20-58 


39.2211 
20-58 


39:8+9.3 
19-60 


33.7489 
21-52 


10 10 10 20 13 


90 90 90 80 87 
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Fig 2.—Headache relief (defined as the percentage of patients with mild 
[solid bars] or no [open bars] pain) at 1 hour. There is an approximate 
dose-response relationship. Significant differences between placebo and 
sumatriptan succinate were seen at all doses (P<.04 for 1 to 4 mg; 
P<.001 for 6 and 8 mg). 
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Fig 3.—Percentages of patients achieving pain relief (mild or no pain af- 


ter dose without the use of rescue medication) by time after dose. Relief 


was fastest with the 6- and 8-mg doses. Within 20 minutes, both doses 
provided better relief than all other sumatriptan doses and placebo. Peak 
response rate occurred between 60 and 90 minutes after dose. 


RESULTS 


Most patients were female (87%), and they ranged in age 
from 18 to 60 years. Similar baseline demographic charac- 
teristics and pretreatment clinical symptoms were ob- 
served for all treatment groups and at all study sites. Be- 
fore treatment, patients had moderate (51%) or severe 
(49%) migraine headache pain. Most patients also had 
photophobia (91%) and nausea (71%), and either were se- 
verely disabled (27%) or required bed rest (48%; Table 1). 
Approximately 80% of patients had migraine without aura 
(common) at treatment, while 20% had migraine with aura 
(classic). 


Migraine Headache Relief 


Sumatriptan was superior to placebo at all doses. At 
1 hour after dosing, the percentage of patients with relief 
(grade 0/1) showed an approximate dose-response rela- 
tionship (Fig 2). The 1-hour response rates were as follows: 
placebo, 24%; 1 mg, 43%; 2 mg, 57%; 3 mg, 57%; 4 mg, 50%; 
6 mg, 73%; and 8 mg, 80%. All doses were significantly 
better than placebo (P<.04). The 6- and 8-mg doses 
provided similar response rates, higher than all other 
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Fig 4.—/mprovement in associated migraine symptoms (nausea, photo- 
phobia, and clinical disability) after administration of sumatriptan. An 
approximate dose-response relationship was observed for nausea and 
clinical disability (>3 mg). Sumatriptan was significantly better than 
placebo (P) where marked: asterisk, P<.05; dagger, P<.001; and dou- 
ble dagger, P<.017. 
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Fig 5.—/ncidence of the use of rescue medication. Rescue medication 
was used most by placebo-treated patients, and a dose-response 
relationship was observed. Little difference was noted between the 
6- and 8-mg treatment groups. 
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Fig 6.—Percentages of patients experiencing at least one adverse event. 
The percentages increased with dose, and a dose-response relationship 
was observed. Asterisk indicates P<.025; dagger, P<.001. 
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Table 2.—Most Common Adverse Events by Body System Category* l 


Body System Category 


Cardiovascular 
Flushing 


Ear, nose,and throat 
Throat symptoms O (0) 


Gastrointestinal tract 


Nausea and/or vomiting 10 (16) 


Injection site 
Injection site reaction 


Miscellaneous 
Pressure sensation 
Feeling of heaviness 
Chest symptoms 


Mouth and teeth 
Disorder of 
mouth/tongue 


Musculoskeletal 
Weakness 
Neck pain/stiffness 
Feeling of tightness 
Myalgia 


Neurologic 
Migraine 
Drowsiness/sedation 
Dizziness/vertigo 
Malaise/fatigue 
Feeling strange 
Burning sensation 
Numbness 
Tingling 
Cold sensation 
Warm/hot sensation 
Headache 


Skin 
Sweating 


(n=30) 


4 (13) 1 (3) 


17 (57) 





Sumatriptan Succinate, mg 


3 4 6 
(n=30) (n=30) (n=30) 


1 (3) 2 (7) 


1 (3) 2 (7) 


6 (20) 


19 (63) 20 (67) 





*Data are given as numbers of patients, with percentages in parentheses. 


doses. For headache severity, response rates in patients 
with common migraine were similar to those in the total 
study population; however, there were too few patients 
with classic migraine in each dosing group to make mean- 
ingful comparisons. 

Relief was fastest with the 6- and 8-mg doses (Fig 3). 
Both doses achieved superiority over placebo within 20 
minutes of drug administration (P<.001). The most rig- 
orous criterion of efficacy is the percentage of patients 
achieving pain-free status after sumatriptan administra- 
tion. The maximal no-pain response rates occurred 
2 hours after dose. The percent of patients who were 
pain free at 2 hours (without the use of rescue medica- 
tion) was dose related, as follows: placebo, 3%; 1 mg, 
20%; 2 mg, 10%; 3 mg, 27%; 4 mg, 33%; 6 mg, 60%; and 
8 mg, 53%. All sumatriptan succinate doses, except 
2 mg, were significantly better than placebo (P<.006) at 
2 hours. 


Associated Migraine Symptoms 


Improvement in clinical disability and nausea at 1 hour 
(at 4 mg and above) showed a dose-response relationship 
(Fig 4). Improvement in clinical disability was greater for 
all sumatriptan succinate doses (1 to 8 mg) when compared 
with placebo (P<.001). While photophobia improved after 
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all doses of sumatriptan, no clear dose-response relation- 
ship was observed. 

Use of rescue medication during the 4-hour observation 
period decreased with increasing doses (Fig 5). 


Safety Results 


The percentage of patients with at least one AE increased 
with dose (Fig 6). The placebo, 1-mg, and 2-mg treatment 
groups were associated with similar adverse event fre- 
quency (approximately 47%). The AEs in the 3-, 4-, and 
6-mg treatment groups were higher in frequency (approx- 
imately 80%) and similar in type, while the 8-mg group had 
the highest incidence of adverse events (93%). The most 
common sumatriptan-related AEs were injection site reac- 
tions (burning, pain, and redness). Other frequent adverse 
events were tingling sensations, warm-hot sensations, and 
flushing. Commonly occurring AEs (at least 4% or two pa- 
tients per active treatment group) are listed by body sys- 
tem category in Table 2, but the category provides no con- 
clusion about the cause of the AE. Most AEs, regardless of 
dose or type, began within 30 minutes after dosing and 
lasted less than 30 minutes (Fig 7). With higher sumatrip- 
tan succinate doses (4 to 8 mg), most AEs had short onset 
and duration because most were injection site reactions. 

No clinically significant differences in predose and 
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Fig 7.—Onset and duration of adverse events. Most adverse events (re- 
gardless of dose or type) began less than 31 minutes after dosing and 
lasted less than 31 minutes. Events beginning more than 30 minutes af- 
ter dosing and lasting longer than 30 minutes occurred more frequently 
after lower sumatriptan succinate doses (1 to 3 mg) and placebo. 


postdose laboratory values were seen in the placebo or 
sumatriptan treatment groups. Slight increases in mean 
systolic and diastolic blood pressure (maximum of ap- 
proximately 5 mm Hg for both) were observed within 10 
minutes after treatment with 3 mg and above. The largest 
single increase in systolic pressure was 18 mm Hg and the 
largest diastolic increase was 14 mm Hg, neither of which 
was Clinically significant. By 1 hour after dose (3 mg and 
above), the mean systolic and diastolic changes were 
slightly below baseline (~4 mm Hg). There were no 
adverse clinical changes in heart rate, electrocardiograms, 
or respiratory rates after dosing. 


Pharmacokinetics 


Serum concentrations of sumatriptan were linearly re- 
lated to the dose at 10, 20, and 30 minutes (Fig 8; 10- and 
20-minute data not shown). The time of maximum con- 
centration (Tmax) for all doses was between 10 and 20 min- 
utes but did not correlate with peak headache relief. Effi- 
cacy did not correlate with serum concentration at 10, 20, 
or 30 minutes. 


COMMENT 


We report the dose-response relationship of sumatriptan 
in the acute treatment of migraine. This study confirmed 
previous reports’! that sumatriptan is effective and well 
tolerated in the acute treatment of migraine. In two sepa- 
rate, large, placebo-controlled trials of 6 and 8 mg of 
sumatriptan succinate administered subcutaneously, effi- 
cacy results similar to those of the present study were ob- 
served. In one multicenter, double-blind, placebo- 
controlled study conducted at 61 US sites, 70% of patients 
(n=734) treated with 6 mg of sumatriptan succinate subcu- 
taneously had relief at 1 hour. This compares with 73% of 
patients with relief at 1 hour in the present study. In an- 
other trial of similar design conducted in Europe, 72% of 
patients treated with 6 mg and 79% treated with 8 mg had 
relief at 1 hour, compared with 73% and 80%, respectively, 
in the present study. These data support the consistent, re- 
producible response observed with sumatriptan. 

In the present study, efficacy responses (pain relief, re- 
duction in clinical disability, and nausea) were dose 
related, and all doses (1 to 8 mg) were more effective than 
placebo. The 6- and 8-mg doses had comparable efficacy, 
but the safety profile of the 6-mg dose was similar to that 
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Fig 8.—Sumatriptan serum concentration vs dose. There was a linear 
response for all doses at 30 minutes. No correlation in time between ef- 
ficacy and maximum concentration (Crax) can be made. 


of the 3- and 4-mg doses, while that of the 8-mg dose was 
worse. No deaths or serious adverse events occurred dur- 
ing this trial; however, as the dose increased, so did the in- 
cidence of minor AEs. Adverse events were typically mild 
and of short duration. 

Dose selection for any drug is a compromise of AEs and 
efficacy. These data show that 6 mg of sumatriptan succi- 
nate is an optimal dose, and the dose optimization requires 
no compromise of efficacy rates. 

Selby and Lance” reported that ergotamine, commonly 
used for acute treatment of migraine, was effective in 47% 
of patients (they became pain free when the drug was ad- 
ministered early in the attack), and an additional 37% had 
diminished severity of some headaches after treatment 
with oral, sublingual, rectal, or injectable formulations, al- 
though criteria for assessing pain were not stated. Intrave- 
nous prochlorperazine followed by intravenous dihydro- 
ergotamine has also been shown to be effective in acute 
treatment of migraine. Twenty-nine percent of patients 
were pain free within 90 minutes of treatment with both 
medications, and the remaining patients had some resid- 
ual pain but were satisfied with the relief.” In this study, 
sumatriptan rendered 60% patients pain free within 2 
hours after dosing, without the use of rescue medications. 

Although ergot derivatives are effective, side effects may 
limit their use. They may cause nausea, exacerbating the 
nausea and vomiting typical of a migraine attack. Other 
less common side effects include abdominal cramps, ver- 
tigo, muscle cramps (usually in the lower limbs), diarrhea, 
and distal paresthesias. In contrast, sumatriptan (all dos- 
es) improved nausea associated with headache. Although 
some side effects were seen (eg, vertigo and tingling), they 
were of short duration, and none required treatment. 

The receptor pharmacologic characteristics of ergot- 
containing compounds (specifically dihydroergotamine) 
may account for the side effect profile. McCarthy and Per- 
outka” compared the pharmacologic features of DHE and 
sumatriptan; both display high affinity for the 5-HTip 
receptor (5-HT,-like), but dihydroergotamine is also a 
potent agonist at a number of other biogenic amine re- 
ceptors, such as 5-HTjc, 5-HT2, dopamine, and a- and 
a-adrenergic receptors.” The nonspecific agonist actions 
may account for the side effects observed. 

In conclusion, this study showed a dose-response rela- 
tionship for sumatriptan succinate in the acute treatment 
of migraine. There was little difference between the 6- and 
8-mg doses in terms of pain relief, but the higher dose car- 
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ries a penalty of more adverse events. Subcutaneous 
sumatriptan succinate at a dose of 6 mg is optimal in the 
treatment of acute migraine. 
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Elevated Neopterin Levels in Guillain-Barré Syndrome 


Further Evidence of Immune Activation 


Shalini Bansil, MD; Francis A. Mithen, MD, PhD; Bhim S. Singhal, MD, FRCP; 
Stuart D. Cook, MD; Christine Rohowsky-Kochan, PhD 


e Neopterin is a by-product of guanosine triphosphate me- 
tabolism and is produced by macrophages in response to 
lymphocytic activation. We have studied serum neopterin 
levels in patients with Guillain-Barré syndrome to obtain 
further evidence of immune activation in this disease. Serum 
neopterin levels were significantly elevated in patients with 
Guillain-Barré syndrome compared with patients with other 
peripheral neuropathies and multiple sclerosis and with 
healthy control subjects. Serial analysis demonstrated that 
as neopterin levels fell, the clinical status of the patients with 
Guillain-Barré syndrome improved and soluble interleukin 
2 receptor levels dropped. Thus, lymphocytic and macro- 
phage activation may play a role in the pathogenesis of 
Guillain-Barré syndrome. 
(Arch Neurol. 1992;49:1277-1280) 


(Oa ameter syndrome (GBS) is a demyelinating dis- 
ease of the peripheral nervous system (PNS) believed 
to be immunologically mediated. Increased levels of solu- 
ble interleukin 2 receptor (sIL-2R) and interleukin 2 have 
been detected in patients with GBS and indicate they may 
play a role in lymphocytic activation in this disease." 
T-cell activation results in the production of interferon 
gamma (IFN-y) which has a variety of actions, including 
the production of neopterin by macrophages.* Neopterin 
is produced primarily by macrophages as a by-product of 
guanosine triphosphate metabolism and has no known bi- 
ologic function.*® Therefore, neopterin levels are an indi- 
cator of IFN-y activity and of macrophage activation. We 
have studied serum neopterin and IFN-y levels in patients 
with GBS to obtain further evidence of lymphocytic and 
macrophage activation in this disease. In addition, we have 
correlated serial neopterin levels with sIL-2R levels and 
with the clinical disease course in patients with GBS. 
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PATIENTS, MATERIALS, AND METHODS 
Patients 


Guillain-Barré Syndrome.—Twenty-one patients (11 female, 
10 male; ages, 14 to 77 years; mean age, 42 years) fulfilling the cri- 
teria for GBS were studied.‘ Initial serum samples were drawn 2 
to 22 days (mean[+SD], 12.6+5.5 days) after motor onset of the 
disease. Serial samples were obtained from five untreated pa- 
tients for 3 to 15 months. These patients did not receive steroids, 
plasmapheresis, or other immunotherapy for the entire duration 
of follow-up. Supportive care was provided as necessary. Disease 
severity was scored on a scale of 0 to 5 with 0 being healthy and 
5 requiring assisted ventilation.' Initially four patients had clin- 
ical grade 2; five patients, grade 3; nine patients, grade 4; and 
three patients, grade 5. 

Control Subjects With Other Neurological Diseases.—Fifteen 
patients (six female, 9 male; ages, 28 to 66 years; mean age, 49 
years) had other nondemyelinating neuropathies-PNS (OND- 
PNS): neurofibromatosis (one patient); hereditary motor sensory 
neuropathy type 1 (one patient); ischemic focal neuropathy (one 
patient); neuropathy associated with non—insulin-dependent di- 
abetes mellitus (five patients); alcoholic neuropathy (two pa- 
tients); and unexplained polyneuropathy (five patients). 

Multiple Sclerosis (MS).—Twenty patients (11 female, nine 
male; ages, 21 to 63 years; mean age, 43 years) had clinically def- 
inite MS as defined by the criteria of Poser et al.” Seventeen pa- 
tients had chronic progressive MS; three had relapsing remitting 
MS and had clinically stable conditions at the time of testing. 

Healthy Control Subjects.—Twenty-two individuals (eight 
female, 14 male; ages, 23 to 79 years; mean age, 38 years) had no 
known medical or neurological illness. 

No patient with GBS or OND-PNS and no healthy control sub- 
ject had received corticosteroids, other immunosuppressive ther- 
apy, or plasmapheresis at the time of testing or between disease 
onset and initial sampling. The patients with MS had not received 
steroids or immunosuppressants for at least 1 month prior to 
testing. No patient or control subject was known to be human 
immunodeficiency virus (HIV) positive or have risk factors for 
development of HIV infection at the time of testing of serum 
samples. 


Serum Collection 


Serum was collected, handled identically, and stored at —70°C 
until testing. The GBS serum samples were collected over 4 
months to 7 years (mean storage time, 3.4 years); OND-PNS se- 
rum samples, 2 months to 6 years (mean, 1.8 years); MS serum 
samples, 2 to 4 years (mean, 3 years); and healthy control subject 
serum samples, 1 to 3 years (mean, 1.9 years). Repeated freezing 
and thawing of serum samples was avoided. 
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Fig 1.—Serum neopterin levels in patients with Guillain-Barré syndrome 
(GBS), other nondemyelinating neuropathies—peripheral nervous system 
(OND-PNS), multiple sclerosis (MS), and healthy control subjects (HC). 
Solid lines represent mean neopterin levels in each group; dotted line, 
the 3 SDs above the mean of healthy control subjects (15 nmol/L). 


Neopterin Assay 


Serum neopterin levels were measured by radioimmunoassay 
following the instructions accompanying the kit used (Immutest 
Neopterin, DRG International Inc, Mountainside, NJ). Briefly, 20 
uL of neopterin standards and serum samples were added to du- 
plicate tubes, followed by addition of 100 L of iodine 125-labeled 
neopterin. One hundred microliters of an antineopterin antibody 
was then added and the tubes that were incubated for 1 hour un- 
der the exclusion of light at room temperature. The tubes were 
washed and then centrifuged for 10 minutes. The supernatant was 
discarded and the radioactivity in each tube was measured in a 
gamma counter for 1 minute. A standard curve obtained by plot- 
ting percent radioactivity vs neopterin concentration in the stan- 
dards was used to calculate serum neopterin levels. All serum 
samples were tested undiluted. 


Interferon Gamma 


Serum IFN-y levels were tested by radioimmunoassay using a 
test kit (Centocor, Malvern, Pa) and by Amgen Biologicals 
enzyme-linked immunosorbent assay (Thousand Oaks, Calif) as 
per the manufacturer’s instructions. Serial sIL-2R levels were de- 
termined by Cell Free enzyme-linked immunosorbent assay (T 
Cell Sciences, Cambridge, Mass) in five patients with GBS as pre- 
viously described.’ 


Statistical Analysis 
Mean neopterin levels among patients with GBS, OND-PNS, 
and MS and among healthy control subjects were compared by 
the Kruskal-Wallis Test, while mean levels between each group 
were compared by Fisher’s least significant difference. Spear- 
man’s correlation was used on individual patients with GBS in the 
serial study. 


RESULTS 


The overall difference in mean neopterin levels among 
patients with GBS, OND-PNS, and MS and the healthy 
control subjects was significant (P<.0001) (Fig 1). The 
mean (+SD) neopterin level in patients with GBS 
(16.7+12.8 nmol/L) was significantly higher (P<.05) than 
the mean levels in patients with OND-PNS (8.5+5.9 
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Characteristics of Patients With Guillain-Barré 
Syndrome With High or Low Serum Neopterin Levels 





Patients With Patients With 
Neopterin Levels Neopterin Levels 
=15 nmol/L <15 nmol/L 






(n=9) (n=1 2) 









Mean clinical grade 
at presentation 3.66 3.41 


Mean (+SD) time 
from motor onset 
to initial blood 








sampling, d 10.77+3.86* 14.0+6.19 
Flulike illness prior 

to disease onset 

(%) 6/9 (66.7) 8/12 (66.7) 






Mean (+SD) storage 
time, mo 





52.6+28.1* 13233 





*Not significant. 


nmol/L), in patients with MS (P<.0001; 5.7+2.2 nmol/L), 
and in healthy control subjects (P<.0001; 6.3+2.9 nmol/L). 
Serum neopterin levels in patients with OND-PNS or MS 
were not significantly different from levels in healthy con- 
trol subjects. However, mean neopterin levels in patients 
with OND-PNS were significantly higher (P<.05) than 
levels in patients with MS. Serum neopterin levels of 15 
nmol/L or greater were found in nine (43%) of 21 patients 
with GBS; one (7%) of 15 patients with OND-PNS; none 
(0%) of 20 patients with MS; and none (0%) of 22 healthy 
control subjects. The patient with OND-PNS with an ele- 
vated serum neopterin level had an unexplained poly- 
neuropathy. 

In the patients with GBS, there was no correlation 
between initial serum neopterin levels and age, sex, the 
clinical grade at presentation, or time of serum sampling 
after disease onset. There was no difference in mean neop- 
terin levels between the 14 patients with GBS who had an 
antecedent flulike illness (16.7 nmol/L) and the seven pa- 
tients who did not (16.6 nmol/L). The characteristics of the 
nine patients with GBS who had serum neopterin levels 15 
nmol/L or greater vs those of the 12 who did not are shown 
in the Table. In the patients with GBS, there was no corre- 
lation between length of storage time and serum neopterin 
level. 

In three of five patients with GBS studied serially, neop- 
terin levels were highest at the time of hospital admission, 
fell in 3 to 6 weeks, and then plateaued (Fig 2). In the other 
two patients, there was no significant change in neopterin 
levels for the entire duration of follow-up. No patient re- 
ceived steroids, plasmapheresis, or other immunosuppres- 
sive therapy for the entire duration of follow-up. The clin- 
ical status of the patient tended to parallel the neopterin 
level in most cases (Fig 2). The greatest decrease in neop- 
terin levels occurred with marked improvement in the 
clinical status (patients 1 through 3). In patient 4, who had 
a mild disease initially (grade 2), the neopterin level fell 
minimally from 8.8 to 8.0 nmol/L with mild improvement 
to grade 1. The relationship between neopterin level and 
clinical grade was significant in patients 1 and 2 (correla- 
tion coefficients of .8 and .9; P<.01 and .008, respectively). 
The correlation coefficient in patient 3 was .8 (P=.18) and 
in patient 4 it was .89 (P=.11). 

Serial sIL-2R levels also paralleled neopterin levels in 
most patients (Fig 3). This relationship was significant in 
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Fig 2.—Neopterin levels and the corresponding clinical grade from initial sampling to several months after disease onset. Solid line indicates neop- 
terin levels; dotted line, clinical grade; 1, patient 1; 2, patient 2; 3, patient 3; 4, patient 4; 5, patient 5; and A, the time of initial sampling of serum. 
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Fig 3.—Neopterin levels in the same five patients as Fig 2 and the corresponding soluble interleukin 2 receptors (sIL-2R) levels from initial sampling 
to several months after disease onset. Solid line indicates neopterin levels; dotted line, sIL-2R; 1, patient 1; 2, patient 2; 3, patient 3; 4, patient 4; 
5, patient 5; and A, the time of initial sampling of serum. 
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patients 1 and 2 (correlation coefficients of .7 and .9; P<.03 
and .005, respectively). 

In general, as neopterin levels fell, there was a corre- 
sponding drop in sIL-2R levels and clinical improvement 
occurred (patients 1 through 3). Patient 4 showed a min- 
imal change in neopterin levels, sIL-2R levels, and clinical 
status throughout the follow-up period. Although there 
was a correlation between sIL-2R levels and clinical grade 
in patient 5, neopterin levels did not parallel either sIL-2R 
values or disease course. Interferon gamma was not 
detected in the serum samples of patients with GBS and 
control subjects as measured by enzyme-linked immun- 
osorbent assay and radioimmunoassay. 


COMMENT 


Elevated serum neopterin levels occur in several acute 
and chronic infections, including HIV, in hematologic ma- 
lignancies, and during graft rejection.® In HIV infection, 
increases in serum neopterin levels correlated with disease 
progression. We have found elevated levels of neopterin 
in the serum of patients with GBS compared with patients 
with other peripheral neuropathies, MS, and healthy con- 
trol subjects, providing additional evidence that activation 
of T cells and macrophages occurs in this disorder. We and 
others have recently reported elevations in sIL-2R and in- 
terleukin 2 levels, other indicators of T-cell activation, in 
the serum samples of patients with GBS.'* Activated T 
lymphocytes release cytokines such as interleukin 2 and 
IFN-y. Interferon gamma is primarily responsible for the 
release of neopterin by macrophages.* Although high lev- 
els of neopterin were present in serum samples from pa- 
tients with GBS, we did not detect IFN-y in these patients 
using two different techniques. It is likely that IFN-y is bi- 
ologically active in amounts not detectable by the assays 
employed in this study. In addition, this lymphokine may 
be present in areas of active peripheral nerve demyelina- 
tion but not in the circulation. Thus, along with elevated 
sIL-2R values, high neopterin levels reflect increased IFN-y 
activity and provide further evidence for the presence of 
increased T-lymphocytic activation in GBS. 

Since IFN-y causes activation of macrophages and the 
release of neopterin, increased neopterin levels may reflect 
the presence of abnormal macrophage activation in GBS. 
This is substantiated by the findings of Ia-positive mac- 
rophages in nerve biopsy specimens from patients with 
demyelinating neuropathies.’ Macrophages are believed 
to participate in the demyelinating process in these 
neuropathies.”"” 

In addition, we found elevated neopterin levels in patients 
with OND-PNS compared with patients with MS. The cause 
for this is unclear but may be due to a single patient with 
OND-PNS having a very high neopterin level and raising the 
mean of that group. It could also reflect nonspecific immune 
activation due to damage to PNS tissue. 

In the serial study, we found a correlation between 
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neopterin levels and the clinical disease status suggesting 
a clinically relevant role for macrophage and 
T-lymphocytic activation in the pathogenesis of GBS. In 
addition, we found that serum neopterin levels parallel 
serum sIL-2R levels, another indicator of T-cell activation. 
We have previously reported that serum sIL-2R levels cor- 
relate with clinical disease activity in untreated patients 
with GBS.* Together these findings suggest that activated 
T lymphocytes, IFN-y, and macrophages may act syner- 
gistically and simultaneously in causing peripheral nerve 
demyelination. 

The modification of T-cell and macrophage responses 
may be potentially useful in the treatment of demyelinat- 
ing neuropathies. It has been shown that experimental al- 
lergic neuritis, an animal model used to study GBS, is 
worsened by the administration of IFN-y.'’ Our results 
suggest that neopterin and sIL-2R levels may be useful in- 
dicators for testing experimental immunomodulating ther- 
apies in GBS. 
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Charles Kennedy, MD; Igor Grant, MD; and the HIV Neurobehavioral Research Center Group 


e Patients with acquired immunodeficiency syndrome fre- 
quently suffer peripheral neuropathy. We investigated its 
prevalence and relationship to clinical stage of human im- 
munodeficiency virus (HIV) infection using quantitative 
sensory testing and nerve conduction testing. Vibratory 
threshold was determined in the right great toe and index 
finger of 179 men seropositive for HIV (28 with acquired 
immunodeficiency syndrome [AIDS] or AIDS-related com- 
plex [ARC], 151 asymptomatic) and 32 HIV-seronegative 
controls. None had clinical peripheral neuropathy. Abnor- 
mal threshold was control mean plus 2.5 SDs. In the toe, 10 
(36%) of 28 subjects with AIDS or ARC had abnormal vi- 
bratory thresholds, compared with seven (5%) of 151 
asymptomatic seropositive subjects and none of 32 con- 


panes nerve involvement occurs frequently during 
the course of human immunodeficiency virus type 1 
(HIV-1) infection.' The most frequent condition is a distal 
symmetrical peripheral neuropathy (DSPN), which gener- 
ally presents after acquired immunodeficiency syndrome 
(AIDS)/AIDS-related complex (ARC) has developed.’ 
Pathologically, distal axonal degeneration underlies 
DSPN, although gracile tract abnormalities have also been 
reported in spinal cords of some patients.* The proximal 
nerve roots are also subject to opportunistic infection by 
cytomegalovirus, particularly in severely immunocom- 
promised patients.” Other neuropathies associated with 
HIV-1 include a mononeuropathy multiplex and chronic 
inflammatory demyelinating polyneuropathy. Both likely 
involve an autoimmune mechanism and occur much less 
frequently than DSPN.° 

Although DSPN generally presents after the diagnosis of 
AIDS/ ARC, the immune state at the onset of the preclin- 
ical phase has received less attention. Quantitative sensory 
testing (QST) has been used to study other subclinical pe- 
ripheral neuropathies by measuring the vibratory thresh- 
old (VT), a reliable index of the function of distal sensory 
nerves.’ Quantitative sensory testing has demonstrated 
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trols. A subgroup of 168 seropositive subjects underwent 
nerve conduction testing. Abnormality rates were similar, 
but abnormalities of nerve conduction coincided with 
quantitative sensory testing abnormalities in only half the 
cases. Mean (+SD) vibratory threshold was significantly 
greater in subjects with AIDS or ARC (3.00+0.51 vibratory 
units) than in asymptomatic subjects (1.56+0.27 vibratory 
units) and controls (1.63+0.54 vibratory units). Finger ab- 
normality rates did not differ, although subjects with AIDS 
or ARC had greater mean vibratory threshold. Subclinical 
peripheral neuropathy is thus related to stage of HIV infec- 
tion and is present by quantitative sensory testing in 36% 
of patients with AIDS or ARC. 
(Arch Neurol. 1992;49:1281-1284) 


asymptomatic peripheral nerve involvement in patients 
with diabetes mellitus® and with malignant neoplasms.’ 

Because the two dideoxynucleoside drugs used to treat 
AIDS, didanosine and dideoxycytidine, often cause wors- 
ening of DSPN symptoms, the detection and quantification 
of early peripheral nerve damage in HIV-seropositive pa- 
tients has recently assumed increased importance. The 
following study was undertaken to determine the preva- 
lence of subclinical HIV-associated neuropathy and its re- 
lationship to immune suppression. Furthermore, since 
nerve conduction velocities (NCVs) are the laboratory 
standard for detecting subclinical neuropathy, we com- 
pared the results of NCV examination with those obtained 
by quantitative sensory testing in an HIV-seropositive 
cohort. 


SUBJECTS AND METHODS 


Our study recruited HIV-seropositive volunteers and age- 
matched seronegative controls from the San Diego (Calif) area by 
newspaper advertisement. Subjects were also recruited from the 
US Navy, where personnel are routinely screened for HIV-1. Be- 
fore entering the study, potential subjects underwent screening 
history (which included quantification of alcohol use), physical 
examination, blood glucose and electrolyte determinations, and 
thyroid function studies. Eligible participants were men aged 18 
to 49 years with no history of previous non—HIV-related nervous 
system disease, diabetes, or alcohol or intravenous drug abuse 
within the past year. As this was an investigation of peripheral 
nervous system function, we further excluded subjects who had 
consumed more than 200 g of ethanol per week in any 6-week 
period during the past year or had received medications that are 
known to cause peripheral neuropathy, such as vincristine or 
didanosine. Many subjects were receiving zidovudine, an anti- 
retroviral nucleoside without known effects on peripheral nerves. 

Between December 1989 and February 1991, 214 men (mean 
age, 32 years [range, 18 to 49 years]; 166 white, 25 black, 23 His- 
panic) met the inclusion criteria and agreed to participate. All 
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Mean Vibratory Thresholds (VT) and Abnormality Rates* 


HIV-Seronegative 
(n=32) 





Finger 
VT, VU (mean+SD) 0.60+0.20 
Abnormal, No. (%) 0 (0) 


Toe 
VT, VU (mean+SD) 
Abnormal, No. (%) O (0) 


1.63+0.54 


HIV-Seropositive, 


Asymptomatic 
(n=151) 


AIDS/ARC 
(n=28) P 





0.65+0.13 0.75+0.17 .02ł 
3 (2) 1 (4) NS 


1.56+0.27 3.00+0.51 
7 (5) 10 (36) 


<.0001t 
<.001# 


*HIV indicates human immunodeficiency virus; AIDS, acquired immunodeficiency syndrome; ARC, AIDS-related complex; and VU, vibratory unit. 
The qualitative sensory testing results of three subjects with AIDS/ARC with clinically evident neuropathy have been excluded. 


tDetermined by analysis of variance. 
$y2=31.3. 


subjects gave informed consent before entering the study. Thirty- 
two were HIV-seronegative controls. One hundred fifty-one had 
asymptomatic HIV-1 infection, including 42 subjects in Centers 
for Disease Control” stage II (asymptomatic, normal examina- 
tion), 78 in stage III (enlarged extrainguinal lymph nodes), and 31 
in stage IV C2 (oral hairy leukoplakia or thrush). Thirty-one sub- 
jects had AIDS/ARC. A neurologist queried all subjects about 
symptoms, particularly those of peripheral neuropathy, and per- 
formed a neurologic examination, which included distal sensory 
testing of pinprick, light touch, joint position, and tuning fork vi- 
bration sensations in all four limbs. Based on history and exam- 
ination, three subjects, all of whom had a previously established 
AIDS diagnosis, met published criteria for DSPN." In all three, the 
sensory loss was confined to the feet, and finger sensation was 
normal. No subject had a presentation or examination consistent 
with the other HIV-related neuropathies. Other neurologic diag- 
noses in this cohort were cryptococcal meningitis (one subject) 
and cytomegalovirus retinitis (two). No subject had clinically ev- 
ident myelopathy or dementia. 

The HIV serostatus was rechecked with enzyme-linked immu- 
nosorbent assay and confirmed by immunoblot. Blood was also 
drawn for CD4* lymphocyte determination. Of 182 subjects, 119 
(62%) consented to undergo lumbar puncture for cerebrospinal 
fluid (CSF) analysis. Quantitative sensory tests were performed 
on all subjects using a vibration tester (VibratronR II, Sensortek, 
Clifton, NJ) by forced-choice algorithm described in detail previ- 
ously.'* The right index finger and great toe were studied, except 
in two instances where the examiner observed abnormalities on 
the skin surface that would have precluded an adequate exami- 
nation. In these cases, the left finger was studied. 

The subject placed his right index finger (later, his right great 
toe) alternately on two rods and stated which was vibrating. After 
a correct determination, the examiner reduced the amplitude of 
vibration by 10% (provided that the previous determination also 
had been correct) until the subject made five incorrect determina- 
tions at that level. This level was taken as the VT, reported by the 
vibration tester in vibratory units (VU), which are directly propor- 
tional to the square root of the linear displacement of the vibrating 
rod. As a measure to assure adequate attention and cooperation, 
a VT was reported only if the subject had made five correct de- 
terminations at the outset of the test; otherwise, the examination 
was repeated with an increased initial level of vibration. At the 
conclusion of the study, the data from the seronegative control 
group were analyzed and used as laboratory norms. The upper 
limit of normal for VT was set at the control mean plus 2.5 SDs. 
Quantitative sensory testing normality was not known to the ex- 
aminers during the study to avoid selection bias for other tests. 

Ninety-two percent (167/182) of HIV-seropositive subjects 
further agreed to studies of NCV. Peroneal motor, tibial motor, 
median motor, and antidromic sural sensory, median sensory, 
and ulnar sensory amplitudes and conduction velocities were 
obtained in the standard manner. The tibial H-reflex, peroneal F 
wave, and median F wave were also elicited. Limb temperature 
was maintained at 34°C with a thermistor-controlled heat lamp. 
Nerve conduction velocity normality was assessed using estab- 
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lished standard laboratory norms (normal conduction velocity, 
=39 m/s lower limb, =49 m/s upper limb). We assessed H-reflex 
normality by height nomogram. 

A x’ analysis assessed the significance of a difference among 
proportions. The significance of a relationship between two con- 
tinuous variables was determined by regression analysis. One- 
way analysis of variance was used to determine the difference 
among groups, with a post hoc Neuman-Keuls test performed 
when analysis of variance was significant at P=.05 to determine 
which pairs of means were significantly different. 


RESULTS 


The Table gives the mean VTs and abnormality rates. As 
this was a study of subclinical neuropathies, the QSTs of 
the three subjects with clinically evident DSPN are consid- 
ered as a separate group and are not given in the Table. 
(Their mean finger VT was 1.51 VU and mean toe VT was 
5.25 VU.) The VT was significantly different across the 
three clinical groups in the index finger (P=.02) and toe 
(P<.0001). Post hoc testing attributed these differences en- 
tirely to the AIDS/ARC group, which had increased VTs 
in both finger and toe compared with both the HIV- 
negative and asymptomatic subjects. The means of the 
controls and asymptomatic subjects did not differ signifi- 
cantly. The upper limits of normal for VT (2.5 SDs above 
the control means) were 1.1 VU in the finger and 3.0 VU 
in the toe. In subjects without clinical neuropathy, four 
finger VTs exceeded the established norm; abnormality 
rates did not differ across clinical classes (x*=1.0, P>.05). 
In the toe, subjects with AIDS/ARC had significantly 
(x?=31.3, P<.001) more abnormalities (10/28 [36%]) than 
asymptomatic subjects (7/151 [5%]) or controls (0/32). 
Thus, QST detected abnormalities in 9% (17/179) of all 
HIV-seropositive men without neuropathy, while in those 
with AIDS/ARC, the prevalence was 36%. 

Of the 167 subjects who had NCVs (138 asymptomatic, 
26 with AIDS/ARC, and three with AIDS/ARC with 
DSPN), 134 had entirely normal values for conduction ve- 
locity and amplitude, and 12 had single abnormalities 
judged not HIV related (eg, delayed median sensory con- 
duction). Twenty-one NCV studies (seven in asymptomatic 
subjects, 11 in subjects with AIDS/ ARC, three in subjects 
with AIDS/ ARC with DSPN) had abnormalities consistent 
with early sensory neuropathy: one or more abnormal sen- 
sory conduction velocities and delayed H-reflex. The sural 
nerve was involved in all 21 cases (unobtainable responses 
in four). Prevalence of abnormal NCVs was comparable 
with that found by QST: seven (5%) of 138 in asymptomatic 
subjects, 11 (42%) of 26 in subjects with AIDS/ARC but 
without neuropathy, and three of three in subjects with 
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167 HIV-Seropositive Subjects Tested 


137 With Normal QST and NCV Results 


10 With Abnormal 
NCVs Only 


9 With Abnormal 
QSTs Only 


8 With 
Abnormal 
Results on 

Both 
Tests 


Fig 1.—Relationship of abnormalities on quantitative sensory testing 
(QST) of the right great toe, nerve conduction velocities (NCV), and 
clinical examination. HIV indicates human immunodeficiency virus; 
DSPN, distal symmetrical peripheral neuropathy. 


AIDS with clinical DSPN. Figure 1 shows how NCV and toe 
QST abnormalities compare. Of 167 subjects, 137 had nor- 
mal results on both tests, nine had abnormal QSTs only, 10 
had abnormal NCVs only, and 11 had abnormalities on 
both tests, including all three subjects with clinical DSPN. 
Nerve conduction velocity and QST thus agreed com- 
pletely only when clinical neuropathy was evident. In sub- 
jects without DSPN, an abnormal result on one test was as- 
sociated with an abnormality on the other slightly less than 
half the time (eight of 17 and eight of 18 subjects). 

Next, we sought to elaborate on the relationship between 
two measures of peripheral nerve function, VT and sen- 
sory conduction velocity in HIV-seropositive subjects. Toe 
VT correlated well with sural sensory NCV (r=.44, 
P<.0001; Fig 2, top) and to a lesser extent with sural sen- 
sory amplitude (r=.34, P<.0001). Toe VT correlated poorly 
with H-reflex latency (r=.15, P=.10). Finger VT correlated 
with neither median sensory NCV (r=.10, P=.18) nor ulnar 
sensory NCV (r=.19, P=.01). 

Finally, we examined the relationship of diminished vi- 
bratory sensation in HIV infection to measures of systemic 
immunosuppression and CSF inflammation. Decreased 
VT in the toe but not in the finger was significantly corre- 
lated with the absolute number of CD4 lymphocytes (r=.29, 
P<.0001, Fig 2, center) and with the CSF protein level 
(r=.29, P=.001, Fig 2, bottom). Neither the CSF glucose 
value nor the CSF nucleated cell count correlated with VT. 


COMMENT 


The present study identified DSPN by clinical history 
and examination in 10% of subjects with AIDS/ARC and 
subclinical neuropathy by QST in 36% of those without 
DSPN. This figure agrees with previously published re- 
ports. Moreover, men with AIDS/ARC have more abnor- 
mal QSTs and greater mean VTs than HIV-seronegative 
men or those whose HIV infection is asymptomatic. Abnor- 
mality rates and group mean VTs are essentially the same 
for control and asymptomatic seropositive subjects. Detect- 
able peripheral nerve damage in HIV-1 infection thus oc- 
curs mainly after immunosuppression has progressed to 
AIDS/ARC. A previous study” also found greater mean 
VT among men with AIDS/ ARC than in HIV-infected con- 
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Fig 2.—Relationship of toe vibratory threshold (VT, in vibratory units 
[VU]) to top, sural sensory nerve conduction velocity (NCV) (r=.44, 
P<.0001); center, blood CD4* lymphocyte count (r=.29, P<.0001); and 
bottom, cerebrospinal fluid (CSF) protein level (r=.29, P=.001). 


trols, but this smaller study (n=47) detected the difference 
as only a statistical trend (.10>P>.05). In our study, the cor- 
relation (albeit weak) of VT with CD4* lymphocyte count 
further supports the hypothesis that subclinical neuropa- 
thy is worse in more inmunocompromised patients. 

The significance of the correlation of toe VT with CSF pro- 
tein level does not increase with the duration of HIV infec- 
tion” and is nota particularly sensitive or specific indicator 
of illness in HIV infection. Further studies of inflammatory 
markers in the CSF in patients with HIV-associated neu- 
ropathies are planned to elucidate this relationship. 


Sensory Testing—Gulevich et al 1283 


Although we did not encounter less common HIV- 
related neuropathies in this study, it is of course impossi- 
ble to exclude preclinical cases. Both chronic inflammatory 
demyelinating polyneuropathy and mononeuritis multi- 
plex can present with distal sensory loss,’ though the rel- 
ative infrequency of these conditions’ suggests that the 
QST abnormalities in asymptomatic subjects are likely a 
result of early DSPN. 

Nerve conduction velocities remain the standard labora- 
tory diagnostic test for peripheral nerve disease. In spite of 
the correlation of toe VT with sural sensory amplitude and 
conduction velocity, QST and NCV abnormalities coin- 
cided only about half the time when clinical neuropathy 
was not present. Three explanations are offered for this dis- 
crepancy. First, QST may not be as sensitive (or specific) an 
indicator of early neuropathy as NCV. Second, it may not 
be valid to compare a set of NCVs, whose normality was 
determined by population-based laboratory standards, 
with a single value for VT in a digit, whose norm was es- 
tablished by a matched control group. Third, NCV and QST 
test different portions of the nervous system. Nerve con- 
duction testing studies only the distal myelinated segments 
of peripheral nerves. Quantitative sensory testing, on the 
other hand, may be altered by a lesion anywhere in the sen- 
sory pathway, either peripheral or central. Thus, although 
designed to detect abnormalities in peripheral nerve end- 
ings,’ QST abnormalities in this study may have been pro- 
duced by a subclinical lesion in the spinal cord or brain, 
both of which occur in patients seropositive for HIV. 

Quantitative sensory testing studies in patients with es- 
tablished cerebral disorders (eg, Alzheimer’s disease) 
might later prove helpful in establishing the effect of cor- 
tical abnormalities on VT. For the present, requiring five 
initial correct determinations before reporting a VT should 
decrease substantially any abnormalities caused by inat- 
tention or poor cooperation. Quantitative sensory testing, 
moreover, does offer certain advantages over NCV. In ad- 
dition to being better tolerated, QST, using high vibratory 
levels, may be able to quantify severe neuropathies in 
which sensory nerve responses are unobtainable by NCV. 

The present study demonstrates a definite but imperfect 
relationship of QST and NCV among HIV-seropositive 
men without peripheral neuropathy. With neuropathy 
present, agreement was complete, though the small sam- 
ple size does not permit a definitive conclusion. Among 
subjects with AIDS/ARC, the incidence of peripheral 
nerve abnormality, detected either clinically or electro- 
physiologically, approached 50%. Because our participants 
must be ambulatory, which selects against patients with 
advanced disease, the incidence among all patients with 
AIDS may be substantially higher. Since DSPN develops in 
many patients with AIDS, current interest centers on the 
prognostic significance of an abnormal QST for predicting 
the development of either clinical neuropathy or the other 
neurologic complications of AIDS. Quantitative sensory 
testing may also prove useful for preventing complications 
of dideoxynucleoside antiretroviral drugs (eg, didanosine), 
which produce a sensory neuropathy as a major toxic re- 
action of their use. Serial measurements of peripheral nerve 
function in our volunteers are planned to understand better 
the course of HIV-associated neuropathies. 
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Frontal Lobe Dysfunction in Unilateral 
Lenticulostriate Infarcts 


Prominent Role of Cortical Lesions 


Olivier Godefroy, MD; Marc Rousseaux, MD, PhD; Didier Leys, MD; 
Alain Destée, MD; Philip Scheltens, MD; Jean Pierre Pruvo, MD 


e Most studies on frontal lobe dysfunction (FLD) in patients 
with striatal lesions did not consider possible associated 
cortical lesions not seen on computed tomographic scans. 
To determine the possible role of such cortical lesions, we 
assessed FLD in 10 patients with unilateral lenticulostriate 
infarct on computed tomographic scans. Magnetic reso- 
nance imaging revealed an associated cortical infarct not 
seen on computed tomographic scans in four patients. Us- 
ing a battery of neuropsychological tests sensitive to FLD, 
we found that (1) the crossed tapping test was the only FLD 
test significantly disturbed in patients with pure unilateral 
lenticulostriate infarcts, (2) FLD was only present in patients 
with associated cortical infarct, and (3) caudate lesions only 
account for the number of echopraxic errors in the crossed 
tapping test. We conclude that unilateral isolated lenticu- 
lostriate infarcts might not lead to FLD, even though they 
may disturb the development of strategies involved in mo- 
tor procedural learning. 
(Arch Neurol. 1992;49:1285-1289) 


everal studies have suggested that neuropsychological 
deficits similar to those of frontal lesions may be 
related to striatal disorders. Frontal lobe dysfunction (FLD) 
may be an early manifestation of Huntington’s disease," 
while imaging reveals only a hypometabolism without at- 
rophy in the caudate nuclei.*’ In idiopathic Parkinson’s 
disease, the conceptual flexibility is often disturbed'*" as 
would be expected in patients with prefrontal lesions.'*” 
In patients with progressive supranuclear palsy, FLD is 
more severe’! and positron emission tomography shows 
a profound frontal hypometabolism"”*' that is correlated 
with a low striatal uptake of levodopa.” Even though these 
studies supported the idea that striatal disorders may in- 
duce neuropsychological deficits resembling those present 
in frontal lobe lesions, they were performed in patients 
with degenerative disorders that may have affected the 
cortex. Moreover, no conclusion can be drawn concerning 
unilateral striatal lesions from studies performed in neu- 
rodegenerative disorders. 
The few studies focusing on neurobehavioral changes 
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associated with unilateral striatal lesions suggested that 
such lesions might induce FLD and behavioral changes 
similar to those usually due to frontal lobe lesions.*°° 
However, they did not consider (1) the nature of the un- 
derlying disorder,” which might influence neuropsycho- 
logical changes,” and (2) periventricular white matter 
involvement,*?° which might also induce FLD.” Unilat- 
eral striatal lesions previously studied were mainly due to 
lenticulostriate (LS) infarcts.”°' Such infarcts involve the 
putamen, the head and the body of the caudate nucleus, the 
anterior arm of the internal capsule, and the centrum 
semiovale.”” They are mainly due to a proximal occlusion 
of the middle cerebral artery,” leading to possible associ- 
ated cortical infarction. Since magnetic resonance (MR) 
imaging was not always used in previous studies, except 
in that of Weiller et al,” an associated cortical infarct can- 
not be excluded. 

Although previous studies reported language distur- 
bances, hemineglect, and frontal perseverative signs. in 
patients with LS infarcts,”*' to our knowledge no pro- 
spective study focusing on FLD in patients with LS infarcts 
has been published yet. We performed this study first to 
assess FLD in patients with pure unilateral LS infarcts and 
second to determine the possible role of lesions that are not 
seen on computed tomographic (CT) scans in the patho- 
genesis of FLD. 


SUBJECTS AND METHODS 


Of the 824 patients admitted to our hospital for an acute stroke 
during a 8-month period (October 1989 through May 1990), 20 
had a unilateral LS infarct visible on CT scan. Seven of them were 
not included in the study because at least one of the following 
conditions was present: history of head trauma with loss of con- 
sciousness; previous neurologic or psychiatric disorders; current 
neuroleptic or antiepileptic treatments; severe cardiac, respira- 
tory, or renal failure; diabetes mellitus with hypoglycemic epi- 
sodes; alcoholism; and illiteracy. 


MR Imaging 

Magnetic resonance imaging was performed 8 weeks after the 
stroke in the remaining 13 patients. We used an MR machine 
(MR-max, General Electric, Milwaukee, Wis) with a supercon- 
ducting magnet operating at 0.5 T and T,-weighted spin-echo se- 
quences (repetition time, 2000 milliseconds; echo time, 22 milli- 
seconds). Axial slices (slice thickness, 6 mm; interslice gap, 25%) 
parallel to the bicommissural line were planned from the medulla 
oblongata to the vertex. Reconstructions were performed by a se- 
nior neuroradiologist (J.P.P.) who was unaware of the neuropsy- 
chological data, with the method of Daniels et al.* The territory 
of LS arteries was determined by the criteria of Damasio” and 


Unilateral Lenticulostriate Infarcts—Godefroy et al 1285 


= 
ee < 


r 
z J 





Fig 1.—Left, Computed tomographic scan showing a lenticulostriate in- 
farct. Right, Magnetic resonance image revealing other infarcts and 
white-matter abnormalities. 


Takahashi et al.*’ Of these 13 patients, three were excluded after 
MR imaging because of lesions that were not seen on CT scans (Fig 
1): two had another infarct located outside the territory of the ip- 
silateral middle cerebral artery, and one had white-matter and 
periventricular hyperintensity scores higher than 1 according to 
the criteria of Fazekas et al.” Thus, 10 patients were included in 
the study. Six of them had pure LS infarcts (left sided in four) on 
MR i images and will be referred to as the “pure” group (Fig 2). The 
remaining four had associated cortical infarcts (left sided in two) 
not seen on CT scans and will be referred to as the “cortical as- 
sociated lesions” (CAL) group. These infarcts were located in the 
cortical territory of the ipsilateral middle cerebral artery; they 
were frontoinsulotemporal i in two cases, insulofrontal in one case, 
and temporoparietal in one case (Fig 3). Controls were 10 healthy 
volunteers from the community individually matched to the pa- 
tients by age, education level, and handedness. All subjects were 
white and spoke French as their native language. Demographic 
characteristics, handedness” of the subjects, and location of 
lesions on MR images are reported in Table 1. 


Neuropsychological Assessment 


Neuropsychological assessment was performed at least 6 
weeks after stroke. Tests consisted of four major categories: (1) 
intellectual ability tests, assessed by the Wechsler Adi ult Intelli- 
gence Scale” and the Mini-Mental State examination”; (2) atten- 
tion, assessed by means of measures of auditory and visual reac- 
tion time and the Trail Making Test A*; (3) verbal 
comprehension, assessed by the shortened Token Test”; and (4) 
FLD assessment with tests of executive functions,“ which are 
usually disrupted by frontal lobe lesions,“”°** and with the assess- 
ment of behavioral abnormalities.54424 The assessment of exec- 
utive functions included (1) the crossed tapping test, which 
requires the patient to answer a single stimulation by a double 
tapping and a double stimulation by a single tapping, (2) dynamic 
gestual and graphical sequences* (errors related to visuospatial 
neglect were not taken into account); and (3) conceptual flexibil- 
ity and interferential control, evaluated by means of the Trail 
Making Test part B (ie, interferential errors: 1-A-B-C) and the 
Modified Card Sorting Test. The behavioral investigations 
included (1) the assessment of lack of spontaneity and loss of in- 
hibition, by means of a comprehensive interview of the patients 
and their relatives and a 0 to 3 point scale (0, no disturbances; 1, 
mild; 2, moderate; and 3, severe), (2) the assessment of grasping 
and sucking reflex, and (3) imitation and utilization behaviors.” 
Some patients exhibited aphasia or hemineglect, but these distur- 
bances will not be reported on in this study. 
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Fig 2.—Magnetic resonance image of a pure lenticulostriate infarct 
showing the comma-shaped infarct of the head of the caudate nucleus, 
the anterior arm of the internal capsule, and the putamen (left), extend- 
ing to the centrum semiovale (right). 





Fig 3.—Computed tomographic scan (left) and corresponding magnetic 
resonance image (right) showing cortical ischemia not seen on com- 
puted tomographic scans. 


Statistics 


Statistical analysis was performed with the use of SAS statisti- 
cal software.” Three group comparisons (pure, CAL, and control 
groups) were made by means of the Kruskall-Wallis H test and 
subsequently pairwise with the Mann-Whitney U test. Two- 
sided tests only were used, and P values less than .05 were 
regarded as statistically significant. When no differences were 
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Table 1.—Demographic Data of Subjects and Location of Infarcts on Magnetic Resonance Images* 


Pure LSI 
(n=6) 


61 (18-79) 
Sex, No. M/F 2/4 
Education levelt+ 1.5 (1-2) 
Right-handednesst§ 9.5 (7-10) 
Side of infarct, No. R/L 4/2 


Age, yt 


Type of lesion, No. 
Caudate 
Putaminal 
Pallidal 
AAIC 





LSI+CAL Controls 


(n=4) (n=10) 
59 (43-78) 55 (21-80) 
1/3 6/4 
1.5 (1-2) 2 (1-3) 
9 (8-10) 10 (9-10) 
2/2 0/0 


*CAL indicates associated lesions; AAIC, anterior arm of the internal capsule; and LSI, lenticulostriate infarct. 


tMedian (range). 


#1indicates less than 9 years of school; 2, 9 to 11 years; and 3, 12 years or more. 


§By Oldfield’s scale.*° 


found between two groups, we concluded these groups were not 
different only if the B risk of type II error was less than .10. No 
conclusion was drawn when P>.05 and B>.10. We performed a 
stepwise regression**’ with scores on FLD tests as dependent 
variables and the following independent variables: presence of a 
right-sided infarct (0, no; 1, yes); presence of a lesion, including 
lesions of the putamen and anterior arm of the internal capsule 
(0, no; 1, yes); presence of a caudate nucleus lesion (0, no; 1, yes); 
presence of an associated cortical infarct (0, no; 1, yes); age (years); 
education level (1, less than 9 years of school; 2, 9 to 11 years of 
school; 3, 12 years of school and more); sex (1, male); and right- 
handedness.* We used the following Bonferroni correction**”: a 
divided by the number of independent variables (.05/8), and only 
P values lower than .006 were regarded as statistically significant. 


RESULTS 


No patient had dementia according to the criteria of the 
Diagnostic and Statistical Manual of Mental Disorders, Revised 
Third Edition.’ One patient in the CAL group presented 
with sucking reflex and imitation behavior. No differences 
were found according to the side of the infarct. The pure 
and CAL groups showed no significant differences in 
scores on the Wechsler Adult Intelligence Scale, Mini- 
Mental State Examination, shortened Token Test, and as- 
pontaneity and disinhibition (Table 2). 

The only FLD test found to be significantly different be- 
tween the pure group and controls was the crossed tapping 
test, which provided echopraxic errors. In the CAL group, 
scores on four tests were significantly different from those 
of controls: crossed tapping test, gestual sequences, inter- 
ferential errors on the Trail Making Test B, and persever- 
ative errors on the Modified Card Sorting Test. The role of 
the nonpreferred hand in the gestual sequences tasks was 
poor, since we found no significant differences in controls 
between the results of both hands (P=.81; B<.1). 

The stepwise regression showed the following: (1) the 
crossed tapping test scores depended on the presence of a 
caudate lesion and age (r’=.859, P=.0001); (2) gestual 
sequences scores depended on the presence of a cortical 
lesion and age (7°=.748, P=.0014) and graphic sequences 
scores on the presence of a caudate lesion (r°=.516, 
P=.0012); (3) interferential errors on the Trail Making Test 
B depended on the presence of a cortical lesion (r°=.829, 
P=.0001); and (4) perseverative errors on the Modified 
Card Sorting Test depended on the presence of a cortical 
lesion and age (7°=.916, P=.0003). 
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COMMENT 


This study of 10 patients clearly revealed that (1) in pa- 
tients with pure LS infarcts, the crossed tapping test was 
the only FLD test significantly disturbed, (2) severe FLD in 
patients with LS infarcts was present only when associated 
with cortical lesions, and (3) caudate lesions accounted 
only for the amount of echopraxic errors on the crossed 
tapping test and for graphic sequences scores. 

Since our results failed to show a relationship between 
caudate lesions and disturbances in FLD test results, they 
disagreed partly with results of previous studies on FLD 
in caudate lesions and LS infarcts. The study by Mendez 
et al” of seven patients with caudate lesions found signif- 
icant impairment on the Porteus Maze Test and the Wis- 
consin Card Sorting Test (using the number of categories 
achieved), but several patients had an involvement of the 
adjacent anterior capsular area. The study by Caplan et al” 
of 18 patients with caudate infarct, sometimes extending 
toward the anterior capsular area or toward the anterior 
putamen, found behavioral abnormalities attributed to the 
disruption of prefrontostriatal circuits. Donnan et al 
reported frontal perseverative signs in patients with LS 
infarcts mainly documented by means of CT scans. 

The discrepancies between previous results and ours 
might be explained by the neuropsychological battery 
used, the study population, or both. In regard to the tests 
used, associated aphasia or hemineglect made us exclude 
tests with strong verbal and visuospatial components, such 
as fluency assessment, Porteus Maze Test, London Tower 
Test, and Brown Peterson paradigm.” Frontal lobe lesions 
result in a wide variety of neuropsychological distur- 
bances. Because of this diversity, it has been suggested that 
disturbances of executive functions would be the core of 
neuropsychological deficits.°°***-"* These functions al- 
low goal formulation, planning, carrying out plans, and 
verification“ and are closely related to the conceptual 
flexibility.*°*’>' The latter is currently assessed by the per- 
severative errors on the Modified Card Sorting Test and 
the interferential errors on the Trail Making Test.!1°4°*? 
In our study, the performances on these tests were not re- 
lated to the presence of a striatal lesion, suggesting that 
pure lenticulostriate infarcts do not lead to “dysexecutive 
syndrome” as observed in frontal lobe lesions.** Moreover, 
the sensitivity of the Modified Card Sorting Test, the Trail 
Making Test, the dynamic sequences, and crossed tapping 
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Table 2.—Median (Range) Scores on Neuropsychological Evaluation* 


Pure LSI 


MMSE 27.5 (26-29) 
IQ 93 (83-113) 
294 (236-323) 
271 (268-353) 
145 (60-270) 


Visual reaction time, ms 
Auditory reaction time, ms 
TMT A time, s 


TMT B 
Time, s 
Interferential errors 


230 (73-460) 
O (0-1) 


6.5 (27.1)§ 
28 (40-11) 
19.5 (0-20) 


Crossed tapping, error score 


Gestual sequences 
Graphic sequences 


MCST 
Tota! errors 
Perseverative errors 


9 (0-14) 
4 (0-7) 


O (0-2) 
0.5 (0-1) 


Aspontaneity 
Disinhibition 


LSI+CAL Controls 
26 (10-30) 29.5 (29-30) 
90 (79-99) NA 
313 (298-1092) 305 (299-375) 
229 (203-595) 245 (236-302) 
120 (75-900) 46 (22-81) 


320 (232-840) 125 (35-240) 
2 (2-2)# O (0-1) 
0 ( 


10 (33-0) 0-1) 
6 (0-16) 33 (19-50) 
11 (10-18) 20 (16-20) 


16 (5-28) 5 (0-7) 
7 (3-13) 3 (0-3) 


O (0-1) NA 
1 (0-2) NA 





*LSI indicates lenticulostriate infarct; CAL, cortical associated lesions; MMSE, Mini-Mental State examination; TMT A, and TMT B, Trail Making 
Test, parts A and B; MCST, Modified Card Sorting Test; NA, not available; and NS, not significant. 


tKruskall-Wallis test. 


+Significant difference between control and LSI+CAL groups by Mann-Whitney test. 
§Significant difference between pure LSI and control groups by Mann-Whitney test. 


tests has been previously shown*’***#°!°; in particular, the 
number of perseverative errors on the Modified Card 
Sorting Test might be one of the most sensitive and specific 
tests of FLD.?!’ 

Finally, worse performances on FLD tests in the CAL 
group cannot be completely explained by the associated 
neuropsychological deficits (namely aphasia and hemi- 
neglect), since performances on general intellectual effi- 
ciency and shortened Token Tests did not differ between 
both patient groups. Since the discrepancies with previous 
studies are unlikely to be explained by the choice of tests 
battery, they may be explained by the following three 
methodologic differences in our study. 

First, we used MR imaging to detect associated lesions, 
and we excluded patients with a second infarct located 
outside of the territory of the ipsilateral middle cerebral 
artery and not seen on CT scans; using CT criteria alone, 
we would have studied 13 patients, with only six (less than 
50%) having a pure LS infarct. Similar errors might be 
present in the CT studies by Mendez et al,” Caplan et al,” 
and Donnan et al.” Moreover, since we found more severe 
FLD in the CAL group, the underestimation of such asso- 
ciated lesions in previous studies”?! might have led to an 
overestimation of FLD caused by the striatal infarct. 

Second, no previous study on the subject had excluded 
patients with periventricular white-matter hyperintensi- 
ties, which may also contribute to FLD.**™ 

Third, we studied only patients with striatal infarcts, 
while other types of lesions may spread to the surround- 
ing deep frontal white matter, leading to frontal lobe deaf- 
ferentation. Most studies?” did not take into account the 
extension of striatal lesions to the surrounding structures. 
Caudate infarcts are usually not limited to the caudate nu- 
cleus, and from our point of view, the impact of each in- 
volved anatomic structure on the neuropsychological tests 
had to be analyzed, including periventricular white-matter 
abnormalities. While our study was not performed to 
compare CT and MR imaging accuracy, the discrepancies 
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between our results and those of previous studies suggests 
that current CT evaluation is not accurate enough to study 
the relationships between specific neuroanatomic struc- 
tures and cognitive defects. 

Our results suggest that FLD might depend mainly on 
CALs, whereas performance on the crossed tapping test 
might critically depend on the presence of a caudate lesion. 
This nonroutine perceptivomotor task requires elaboration 
of a strategy to inhibit interferent echopraxic errors, as in 
the go-no go paradigm, while perceptive processing and 
motor responses (tapping) are simple. Since errors were 
mainly of the echopraxic type, this suggests a deficit in the 
interferential control. This deficit might thus be motor task 
specific, since interferential control was normal on the Trail 
Making Test. The elaboration of the procedure used to 
achieve this nonroutine task requires motor procedural 
learning. 

Our results enhance the role of caudate lesions in 
disturbances of the crossed tapping test, leading to the hy- 
pothesis that the caudate nuclei might be involved in mo- 
tor procedural learning. This hypothesis is supported by 
experimental data and by data from studies in patients 
suffering from degenerative disorders. Caudate nuclei re- 
ceive inputs from associative sensorial areas and are a re- 
lay for the complex prefrontocaudothalamoprefrontal 
loops individualized in animals.” In animals, these loops 
are involved in simple and complex motor tasks, includ- 
ing the go—no go paradigm.” © In humans, the role of these 
loops has been suggested for procedural learning in 
patients with Parkinson’s and Huntington’s diseases." 
Our results support the hypothesis of a role of the neostri- 
atum in motor procedural learning.” 

Despite the small number of subjects, our study sug- 
gested that unilateral capsulostriatal lesions related to len- 
ticulostriate infarcts do not lead to FLD, even when the 
caudate nucleus is included, whereas caudate lesions 
might disturb conflicting perceptivomotor tasks requiring 
motor procedural learning. 
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A MIGRAINE DILEMMA 


“Today of all days — 
I can’t believe 
Mom had to get 


one of her migraines.” 





Original Contribution 


Neurologic Manifestations of Progressive 
Systemic Sclerosis 


Lea Averbuch-Heller, MD; Israel Steiner, MD; Oded Abramsky, MD, PhD 


e Neurologic involvement in progressive systemic sclerosis 
is considered uncommon. We retrospectively examined the 
prevalence and nature of neurologic complications in 50 
patients with progressive systemic sclerosis. In 20 (40%), 
neurologic abnormalities were detected, with a total of 28 
neurologic manifestations. All levels of the central and pe- 
ripheral nervous system were affected: muscle (22%), pe- 
ripheral nerve (18%), spinal cord (8%), and brain (6%). Of 
note were the presence of myelopathy in four patients and 
inclusion-body myositis in two. In 10 patients (20%), no 
definable cause of the neurologic dysfunction could be 
identified, apart from progressive systemic sclerosis. Thus, 
neurologic presentations of progressive systemic sclerosis 
are much more common than previously reported and may 
be due to direct involvement of the nervous system by a 
primary pathologic process in a significant number of 
patients. 
(Arch Neurol. 1992;49:1292-1295) 


proeressive systemic sclerosis (PSS) is a generalized 

connective-tissue disease, involving predominantly 
skin, gastrointestinal tract, lungs, heart, and kidneys.' Un- 
like other collagen disorders, neurologic manifestations in 
PSS are considered uncommon, occurring in only 0.8% to 
5.6% of patients’? and consisting mainly of muscle chang- 
es*? and peripheral neuropathy.’ Central nervous system 
involvement is rare, with few case reports of cerebral ar- 
teritis. The neurologic abnormalities of PSS were sup- 
posed to be either coincidental, iatrogenic, or secondary to 
other organ involvement.’ The purpose of this communi- 
cation is to report the higher frequency of neurologic pre- 
sentations in our patients with PSS and to discuss the pos- 
sible relationship between the systemic disease and its 
neurologic complications. 


PATIENTS AND METHODS 


Between 1980 and 1990, PSS was diagnosed in 50 patients in the 
Hadassah University Hospital, Jerusalem, Israel. The diagnosis 
was based on the combination of clinical and laboratory criteria,’ 
including acrosclerosis, widespread skin changes, telangiectasias, 
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calcinosis, Raynaud’s phenomenon, visceral involvement sup- 
ported by impaired results of pulmonary function tests, esoph- 
ageal motility studies, renal function tests, skin biopsy specimens, 
and serologic tests, eg, antinuclear and antinucleolar antibodies. 

The patients consisted of 40 females and 10 males with a mean 
age of 45.3 years (range, 9 to 75 years). Their charts were reviewed 
for the presence of neurologic manifestations. In all patients, the 
diagnosis of PSS preceded any neurologic symptoms, and no pa- 
tient was referred to our institution for neurologic evaluation. The 
following patients were not included: (1) three patients with neu- 
rologic complaints who did not undergo complete neurologic ex- 
amination by a neurologist; (2) one patient with posttraumatic 
epilepsy; (3) one patient with diabetic neuropathy; and (4) five 
patients with possible iatrogenic complications (three with my- 
opathy during corticosteroid and colchicine therapy and two with 
peripheral neuropathy during colchicine therapy). 


REPORT OF CASES 


We report the following two illustrative cases with unusual 
neurologic complications of PSS. 

CASE 1.—A 38-year-old white woman was referred to a 
neurologist for evaluation of a 1-year history of progressive band 
sensations in her trunk and legs and instability of gait. At the age 
of 17 years, she had begun to suffer from acrosclerosis; at the age 
of 26 years, CREST (calcinosis, Raynaud’s phenomenon, esoph- 
ageal hypomotility, sclerodactyly, and telangiectasia) syndrome 
had been diagnosed. Nine years later, she had developed intes- 
tinal pseudo-obstruction. During the course of the disease, she 
had been treated for a short period with colchicine and azathio- 
prine, and for the last 4 years she had been treated with corticos- 
teroids, nifedipine, and nonsteroidal anti-inflammatory agents. 

Neurologic examination revealed general hyperreflexia with 
bilateral extensor plantar response and a severe loss of vibration 
and proprioception sense in the lower extremities. The gait was 
atactic, with a positive Romberg’s sign. 

A complete laboratory workup, including measurement of cy- 
anocobalamin, transcobalamins, and vitamin E, thyroid function 
tests, lumbar puncture, computed tomographic scans and mag- 
netic resonance images of cervical and thoracic spine, and visual 
evoked responses did not identify any abnormality. The patient 
was diagnosed as having posterolateral myelopathy of undeter- 
mined origin. 

CASE 2.—A 22-year-old man of Iranian-Jewish origin was hos- 
pitalized for evaluation of a progressive muscular weakness of 3 
years’ duration. At the age of 12 years, he had started to suffer 
from sclerodactyly; 5 years later, diffuse scleroderma had been 
diagnosed. He had not received any specific treatment for at least 
7 years before his admission. 

On examination, he had painless proximal asymmetric muscle 
atrophy and weakness (3/5 on the Medical Research Council 
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Table 1.—Neurologic Manifestations in 50 Patients 








With PSS* 
Myopathy 11 (22) 
Myasthenia gravis 1 (2) 
Peripheral neuropathy 9 (18) 
Myelopathy 4 (8) 
( 


Cerebrovascular disease 


*PSS indicates progressive systemic sclerosis. Seven patients had more 
than one neurologic system involved. 


scale); his quadriceps muscle was markedly involved, thus ruling 
out clinically the diagnosis of quadriceps-sparing myopathy, 
which affects Iranian Jews.” 

Routine laboratory studies were normal except for mildly ele- 
vated level of serum creatine kinase (CK). Electromyography 
(EMG) showed a mixed myopathic-neurogenic pattern, with 
spontaneous activity, reduced recruitment, and polyphasic motor 
unit potentials. A quadriceps muscle biopsy specimen demon- 
strated numerous rimmed vacuoles, fiber necrosis, and lympho- 
cytic infiltrate. On electron microscopy, filamentous intranuclear 
material was seen. Inclusion-body myositis (IBM) was diagnosed. 


RESULTS 


Twenty (40%) of 50 patients with PSS developed symp- 
toms and signs of neurologic dysfunction at some time in 
the course of their disease. Seven of them had more than 
one neurologic system involved, with a total of 28 neuro- 
logic manifestations. The mean duration of PSS before the 
appearance of neurologic symptoms was 7.5 years (range, 
0.6 to 34 years). No correlation between PSS duration or 
severity and any of the neurologic complications was 
found. 

Five (10%) of the 50 patients with PSS had concomitant 
Sjégren’s syndrome. An identical ratio (two of 20) was 
found in the subgroup with neurologic manifestations. 
One of them had polymyositis, and another had peripheral 
neuropathy in the context of renal failure. None had sys- 
temic lupus erythematosus. 

According to the site involved, the manifestations could 
be divided into five categories (Table 1): muscle disease, 
myasthenia gravis, peripheral neuropathy, myelopathy, 
and cerebrovascular disease. 


Myopathy 

There were 11 patients with muscle involvement, de- 
fined by the presence of muscle weakness, supported by 
elevation of serum CK or aldolase levels, myopathic elec- 
tromyographic pattern (polyphasic motor units of low 
amplitude and short duration, increased insertional activ- 
ity), and/or muscle biopsy. Three different entities could 
be delineated within this group. (1) Simple myopathy, 
identified in four patients, was characterized by slight re- 
duction in muscle strength, mild elevations of CK or aldo- 
lase level, and myopathic EMG pattern, showing polypha- 
sic motor unit potentials of normal duration and 
amplitude. None of the four patients received any specific 
therapy for their myopathy, and in all of them the course 
of muscle disease was relatively stable. (2) Polymyositis 
complicated the course of PSS in five patients. The disease 
was associated with marked elevations of CK level, spon- 
taneous activity on EMG, and signs of inflammation on 
muscle biopsy specimens. Muscle strength was reduced in 
all of the patients. All but one responded to high-dose cor- 
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ticosteroids with or without a cytotoxic agent. One patient 
died of sepsis and respiratory failure. (3) Inclusion body 
myositis was diagnosed in two patients. In one of them, the 
myopathic process ran a chronic course (case 2); in the 
second patient, weakness evolved during several months, 
in a subacute fashion. In both, there were mild elevations 
of CK level, mixed myopathic-neurogenic pattern on the 
EMG, and a characteristic picture of IBM on muscle biopsy. 
The second patient was given high-dose corticosteroids (60 
mg/d of prednisone), with rapid laboratory and clinical 
improvement. 


Peripheral Neuropathy 


There were nine patients with peripheral neuropathy as 
defined by the presence of distal weakness, diminished or 
absent deep tendon reflexes, and sensory disturbances; 
these findings were supported by neuropathic changes on 
electrodiagnostic studies. This group could be subdivided 
into two subgroups: sensorimotor polyneuropathy (seven 
patients) and mononeuropathy (three patients [trigeminal 
in two and ulnar and carpal tunnel syndrome in one each]). 
Some of the patients with polyneuropathy had additional 
risk factors; one patient had renal involvement with ure- 
mia and Sjégren’s syndrome, and in five patients there was 
evidence of gastrointestinal tract involvement, but the re- 
sults of metabolic workup were within normal limits. 
Three patients with mononeuropathy did not have any as- 
sociated risk factors. 


Myelopathy 

Four patients in our series had myelopathy (Table 2); in 
three of them it took the form of posterolateral myelopa- 
thy. Three patients had gastrointestinal tract involvement, 
but no metabolic deficit could be identified. The complete 
metabolic (including measurement of cyanocobalamin, 
transcobalamins, and vitamin E) and radiologic workup 
for a possible cause of myelopathy in these patients was 
unremarkable. Cerebrospinal fluid was obtained in all pa- 
tients and was normal, except for minimal elevation of 
protein level (0.686 g/L [normal, up to 0.650 g/L]) in one 
of them. The patient described in case 1 (patient 3 in Table 
2) illustrates this unusual presentation. 


Cerebrovascular Disease 


There were three instances of cerebrovascular disease 
(Table 3). All of these patients were relatively young 
women, aged 50 to 56 years, who presented with transient 
ischemic attacks or minor strokes. None of them had any 
definable risk factor for cerebrovascular disease, including 
negative antiphospholipid antibodies, but one patient (pa- 
tient 3 in Table 3) had renal involvement of PSS without 
hypertension. In all three, Doppler examination of carotid 
arteries failed to reveal any significant abnormality. 


COMMENT 


Neurologic manifestations other than muscle disease in 
PSS are regarded as uncommon.**””" The peripheral ner- 
vous system was involved in the majority of cases reported 
(up to 5.6%), with trigeminal neuropathy and carpal tun- 
nel syndrome being the most frequent (about 3% each).*”"" 
The evidence for involvement of other neurologic systems 
in PSS can be reduced to anecdotal case reports.°7!""” 

Our study indicates a much higher prevalence of neuro- 
logic manifestations in PSS than has been recognized pre- 
viously. In our review of 50 patients, at least 20 (40%) had 
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Table 2.—Myelopathy in Patients With PSS* 


Clinical Features 


Patient/Age, y/Sex 


1/22/M 
2/43/F 
3/37/F 
4/33/M 


Quadriparesis, EPR, vibration loss 


Quadriparesis, EPR, impotence 


PSS Duration, y GI Tract Involvement 


Paresthesias, quadriparesis, EPR, vibration loss 


Band sensations, hyperreflexia, EPR, vibration loss 





*PSS indicates progressive systemic sclerosis; Gl, gastrointestinal; and EPR, bilateral extensor plantar response; plus sign, yes; minus sign, no. 


Table 3.—Cerebrovascular Disease in Patients With PSS* 


Patient/Age, y/Sex Clinical Features 
1/50/F 
2/56/F 


3/52/F 


Recurrent L hemiparesis 


L hand weakness, hemianopia 





Dysphasia, L hand weakness 


Brain CT Doppler PSS Duration, y 


Normal Normal 


R parietal infarct Normal 


R frontal infarct Normal 





*PSS indicates progressive systemic sclerosis; CT, computed tomography. 


some neurologic dysfunction, seven of them in more than 
one system, with a total of 28 instances of neurologic 
problems. All levels of the nervous system were affected: 
muscle, neuromuscular junction, peripheral nerves, spinal 
cord, and brain. The increased prevalence included cere- 
brovascular disease (6%) and peripheral neuropathy 
(18%). Myelopathy, identified in four (8%) of our patients, 
has not been described before in patients with PSS, to our 
knowledge, except for a single case report.” 

Of note are patients with PSS who have IBM (4%), since 
the association between these two conditions was already 
pointed out.'*'> Typically, IBM is steroid resistant. How- 
ever, several examples of beneficial response to steroid 
treatment were recorded recently.'°"” 

Muscle involvement was present in 22% of our patients 
with PSS, which is a somewhat lower prevalence than 
generally accepted.’ This could be attributed to the fact 
that we did not include patients with clinical presentation 
of constipation up to intestinal pseudo-obstruction, which 
might be due to myopathy of intestinal smooth muscle in 
some cases. 

Neurologic manifestations in PSS fall into three major 
categories: (1) coincidental problems, such as posttrau- 
matic epilepsy or diabetic neuropathy, (2) iatrogenic dis- 
ease induced by PSS therapy, such as steroid myopathy, 
colchicine neuropathy or myopathy, and penicillamine- 
associated myasthenia gravis, and (3) complications of PSS 
itself. The last can be subdivided into two groups: (a) neu- 
rologic involvement secondary to other organ involvement 
in PSS, such as renal involvement with hypertensive or 
uremic encephalopathy or neuropathy, gastrointestinal 
tract involvement with malabsorption and subsequent 
myelopathy, and peripheral neuropathy or convulsions 
due to vitamin E, cyanocobalamin, or calciferol deficiency, 
respectively; and (b) neurologic dysfunction as a result of 
some primary pathologic process in the nervous system. 

We have restricted our study to the third category of 
patients, those whose complications seemed to be related 
to PSS. In 18 (36%) of our patients, no definable cause, co- 
incidental, iatrogenic, or systemic, for their neurologic 
dysfunction could be identified. Among them, eight had 
evidence of gastrointestinal tract involvement, with two 
instances of simple myopathy, one of polymyositis, three 
of polyneuropathy, three of myelopathy, and one of tran- 
sient ischemic attacks. In all of them, an extensive workup 
did not disclose any metabolic abnormality. Even if one 
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chooses to postulate an indefinable metabolic deficiency 
and to consider these cases to be secondary to gastrointes- 
tinal tract involvement (which seems unlikely in the cases 
of myositis and transient ischemic attacks), there still 
remain 10 patients (20%), with two instances of simple 
myopathy, four of polymyositis, two of IBM, three of 
mononeuropathy, two of polyneuropathy, one of myelop- 
athy, and one of minor stroke, in whom the only possible 
risk factor was PSS itself. We therefore suggest direct ner- 
vous system involvement in a considerable number of pa- 
tients with PSS. 

The initial event in the pathogenesis of PSS is incom- 
pletely understood. Three pathways are proposed to take 
place in early stages of PSS': (1) vascular abnormalities 
with changes in endothelial cells and basal lamina, (2) 
dysimmune reactions with both cell-mediated activity and 
autoantibody production, and (3) alterations of collagen 
metabolism with proliferation of specific fibroblast sub- 
populations, leading to fibroblast invasion into tissues and 
activation of collagen synthesis. The final step of all these 
is tissue fibrosis. 

Similarly, the damage to the nervous system in PSS 
could be the outcome of each of these mechanisms. (1) Ac- 
cording to the vascular mechanism, endothelial changes 
with subsequent microangiopathy of vasa nervorum may 
increase a tendency to platelet aggregation and cause tis- 
sue ischemia, accounting for peripheral neuropathy or 
cerebrovascular disease. (2) Although no clear evidence of 
a primary pathogenetic role of dysimmune alterations in 
PSS exists, there is indirect evidence in support of it. The 
concurrence of PSS with immune-mediated conditions, 
such as myasthenia gravis, polymyositis, insulin- 
dependent diabetes mellitus, and thyroiditis in our and 
other series,’ is suggestive of dysimmune mechanism, as 
are the histologic findings in our and other cases of 
inflammatory myositis, with perimysial and perivascular 
infiltrate of T cells and macrophages.”'® (3) By the entrap- 
ment mechanism, a fibrotic process may involve perineu- 
rium and epineurium, and thus produce pressure on pe- 
ripheral nerves, with resultant mononeuropathy. 
Moreover, there is at least one case report of symmetric 
sensorimotor polyneuropathy caused by entrapment of 
spinal nerve roots and peripheral nerves in fibrotic pro- 
cess, proved by postmortem examination.’ While most of 
our patients with polyneuropathy and myelopathy had 
evidence of gastrointestinal tract involvement, none of the 
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three patients with mononeuropathy had any. Although 
no metabolic deficit was found, it gives rise to a question 
about some unidentifiable metabolic factor, the deficiency 
of which, caused by gastrointestinal tract involvement, is 
responsible for polyneuropathy and myelopathy, but not 
for mononeuropathy. For the latter, a different pathoge- 
netic mechanism is suggested, such as entrapment or 
microangiopathy. 

The apparent rarity of central nervous system abnormal- 
ities in PSS may be attributed to its paucity of connective 
tissue and to the lack of an external elastic lamina and 
sparseness of media and adventitia in cerebral arteries. 
Therefore, the fibrosis and entrapment mechanism can 
hardly be responsible for cerebral disease in PSS. Neverthe- 
less, vascular and dysimmune mechanisms may still pro- 
duce cerebral disease in the absence of systemic atheroscle- 
rosis or any vascular risk factors other than PSS itself. 

In conclusion, neurologic manifestations of PSS are 
much more frequent than have been previously considered 
and may involve all levels of the neuraxis. Direct involve- 
ment of the nervous system by a primary pathogenetic 
process may account for the neurologic presentations in a 
substantial number of patients. 

This study was supported in part by the Lena P. Harvey Endow- 


ment Fund for Neurological Research and in part by the Fannie R. 
Steinpress Research Endowment Fund in Neurology. 
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Neurological Review 


Suicide and Patients With Neurologic Diseases 


Methodologic Problems 


Elsebeth Nylev Stenager, MD, Egon Stenager, MD 


e Objective.—the suicide risk in patients with many neu- 
rologic diseases has been reported to be greater than that 
in the general population. Studies on the subject are, how- 
ever, often encumbered with methodologic problems. We 
appraised these problems and, based on an evaluation, re- 
appraised knowledge of the suicide risk in patients with 
specific neurologic diseases. 

Data Source.—Using the computerized database MED- 
LINE, we identified all published reports with the key words 
suicide, attempted suicide, and neurologic diseases. 

Study Selection —We assessed and reviewed studies 
concerning the most common neurologic diseases for 
methodologic problems in the study design. 

Data Extraction.—The following methodologic problems 
emerged during our review: (1) choice of study type, ie, au- 
topsy study or follow-up study; (2) choice of study popula- 
tion; (3) choice of control groups; (4) epidemiologic/ 
statistical methods used; and (5) validity of statistics 
reported. 

Data Synthesis.—We analyzed the methodologic prob- 
lems in studies of patients with multiple sclerosis, epilepsy, 
Huntington’s chorea, spinal cord lesions, cranial trauma, 
brain tumors, Parkinson’s disease, vascular disorders, and 
migraine. In most of the studies, the methods used gave rise 
to uncertainty about the conclusion presented. 

Conclusion.—An increased suicide risk was found in pa- 
tients suffering from multiple sclerosis and spinal cord 
lesions as well as in selected groups of patients with 
epilepsy. In other neurologic diseases, the suicide risk may 
be increased, but the results are uncertain due to the meth- 
odologic problems in the study design. 

(Arch Neurol. 1992;49:1296-1303) 


[' is well known that the risk of suicide in patients with 
mental disorders, such as schizophrenia and manic de- 
pressive psychoses, is greater than that in the general pop- 
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ulation.'* We also know that the risk of developing a men- 
tal disorder in connection with a number of neurologic 
diseases is significantly greater than that in the healthy 
population. For example, patients with multiple sclerosis 
(MS), epilepsy, or cerebral insult are at greater risk of de- 
pression.” The lifetime risk of suicide for patients with de- 
pression is estimated to be about 15%.' However, in a re- 
cent follow-up study involving 4022 patients with affective 
disorders, the standardized mortality ratio (SMR) for sui- 
cide was 26 compared with the general population.’ It is 
known that patients with a neurologic disease are vulner- 
able to depression. It seems reasonable, therefore, to 
assume that they are also at greater risk of suicide than the 
general population. 

In devising preventive measures against suicide for this 
patient group, it is imperative to know exactly which dis- 
eases are likely to involve an increased suicide risk and, if 
possible, when in the course of the particular disease and 
for which age groups the risk is greatest. 

The literature concerning suicide among patients with 
neurologic diseases is extensive. The choice of method in 
earlier overview articles on neurologic diseases and sui- 
cide risk”’ was rarely criticized. However, the diversity of 
methods used in the various investigations makes com- 
parison difficult. Moreover, the conclusions drawn are not 
always incontestible. Before reviewing the literature, it is 
therefore necessary to examine thoroughly the method- 
ologic weaknesses most frequently encountered. 

The purpose of this review is, therefore, to describe the 
methodologic errors most likely to occur in research on the 
suicide risk for specific patient populations and to exam- 
ine the literature on the suicide risk for patients with neu- 
rologic diseases. 


METHODOLOGIC PROBLEMS THAT ARISE WHEN 
ASSESSING THE SUICIDE RISK 
The aspects examined include (1) type of investigation, 
(2) investigation populations, (3) suitability of control 
groups, (4) epidemiologic/statistical methods used, and 
(5) validity of suicide statistics presented. 


Type of Investigation 


As a rule, one of the following three types of investiga- 
tion is made: (1) autopsy investigations reporting the 
number of patients with a particular neurologic disease 
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who committed suicide; (2) follow-up investigations on the 
number of patients who, in a defined period of time, were 
hospitalized in specific specialized departments and com- 
mitted suicide; or (3) epidemologic investigations based on 
registers recording clearly defined patient populations. 

Specific problems arise in connection with investigations 
based on autopsy studies. Their weakness lies in the dif- 
ficulty in finding a representative control group, as most 
autopsy studies consist of a selected patient population, 
partly composed of forensically examined cases and partly 
of selected hospitalized cases. Some investigations have 
sought to surmount this problem by making a comparison 
with the prevalence of the disease studied in the general 
population, ie, a comparison of the living with the dead. It 
can, therefore, hardly be expected that the composition of 
age and sex is the same in both populations. Therefore, the 
conclusions reached must be interpreted with great 
caution. 

The population sources most suitable for investigation 
are registers covering a large group of patients with a par- 
ticular disease in which both those who are severely ill and 
those with a mild form of the disease are recorded. Only 
in this way is it possible to assess the suicide risk present 
for all patients having the disease. Furthermore, only ex- 
tensive registration can form the basis of an optimal 
epidemiologic/statistical method by which an evaluation 
of the suicide risk can be made. There are, however, so few 
such registers available that optimal investigation by that 
method is hardly possible. 


Population Used 


Selection.—It is a serious problem that the populations 
investigated are often highly selected and that the popu- 
lation most often consists of patients who have been hos- 
pitalized in a specialized department. Consequently, they 
are made up of the most seriously ill patients, which in turn 
means that the results are unlikely to be generally appli- 
cable to all patients suffering from the particular disease. 
There is, in addition, the question of dropouts resulting 
from selection bias, for example, those for whom it has 
been impossible to obtain information on the cause of 
death. 

Definition of Disease.—Many of the diseases in ques- 
tion are not always precisely defined in an investigation, 
nor are the criteria for the presence of the particular disease 
always sufficiently stringent. This applies particularly to 
investigations concerning epilepsy. 

Small Populations.—In many investigations, the popu- 
lations used are small, often amounting to about 100 
patients. As suicide is rare (in Denmark, 30 per 100000 
population per year), the reliability of the results based on 
such small populations is questionable. 


Selection of Control Groups 


When evaluating the risk of suicide for a specific group, 
it is usual to make a comparison with the general popula- 
tion. This has been done in many investigations but with- 
out taking into account that the suicide risk varies de- 
pending on age and sex. Therefore, overestimation or 
underestimation of the risk may occur in the absence of 
relativity to age and sex compositions in the patient pop- 
ulation. As the populations investigated generally are 
small, the danger of producing misleading results is great. 
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Epidemiologic/Statistical Procedures 


A great variety of methods were used in the investiga- 
tions reviewed herein. A calculation may have been made 
of observed and expected deaths based on the suicide risk 
in the general population, or a percentagewise comparison 
may have been made of the number of patients with a par- 
ticular disease who have committed suicide relative to a 
control group. Finally, a few investigations include a cal- 
culation of an SMR for age and sex, and in addition con- 
trol of years at risk (ie, the period from disease onset/ 
diagnosis to suicide), which is the optimal method. 

The great diversity of methods makes it difficult to 
compare the investigations. Consequently, many of the 
authors of earlier overview articles compared diversely 
selected subjects, thereby reaching conclusions that were 
directly misleading. Finally, it should be mentioned that a 
small number of case histories are to be found, but general 
conclusions about the risk of suicide cannot be drawn from 
them. 


Validity of Suicide Statistics 


It is precisely in the case of the death of a patient who 
had had a serious physical disease that a tendency is seen 
to ignore the possibility of suicide as the cause. Instead, the 
event is accepted as the natural death of a seriously ill per- 
son. The risk of suicide can in this way be underestimated. 
Moreover, the suicide statistics in many countries are not 
always likely to be reliable, especially when the cause of 
death is such a controversial issue as suicide. 

Thus, it is clear that investigations of the frequency of 
suicide for patients with a chronic disease should be 
closely examined before significant conclusions are drawn 
on the extent of the risk involved. 


SUICIDE ATTEMPT 


The sources of error inherent in some investigations on 
the subject of attempted suicide are not described herein, 
but the pitfalls are in principle the same as those already 
mentioned. It is believed to be more relevant, however, to 
emphasize herein that the problems concerning the valid- 
ity of the investigations available on attempted suicide are 
significantly greater than in the case of suicide. 


AUTOPSY STUDIES 


A number of studies with large populations have sought 
to examine the suicide risk connected with a long list of 
diseases, including neurologic diseases. Whitlock’ exam- 
ined 1000 cases of suicide in England and Wales for the 
period from 1968 through 1972. He compared the number 
of suicides among persons with a specific disease with the 
prevalence of suicide in the general population. He found 
that the suicide risk for persons with epilepsy, MS, cranial 
trauma, and cerebral tumor was significantly greater than 
in the general population. 

In the same way, Stennsmann and Sundquist-Stensman® 
examined 416 suicides for the period from 1977 to 1984 in 
Sweden and also found an increased suicide risk for per- 
sons with neurologic diseases. The methods used in both 
investigations, in which a comparison was made of the 
distribution of a disease in persons who had committed 
suicide with the frequency of the disease in the general 
population, can hardly defend the conclusions drawn in 
the investigations, as it cannot be presumed that distribu- 
tion by age and sex in the general population is identical 
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Table 1.—Suicide Risk in Patients With Multiple Sclerosis 


No. of 
Suicides 


No. of 


Source, Study Period Subjects Study 


Schwartz and Pierron,'* 1972 408 
Sadovnick et al,'? 1972-1988 3126 


Kurtzke et al,'? 1942-1951 476 
Stenager et al,'® 1953-1985 6088 
Leibowitz et al,'* 1960-1966 295 


to that in the population committing suicide. In addition, 
the varying mortality rate of the disease is also of 
consequence. 


FOLLOW-UP STUDY 


Allgulander and Fisher’ conducted a follow-up investi- 
gation in Sweden of a randomly selected group of all pa- 
tients admitted to the hospital following self-poisoning in 
the period from 1974 to 1985. 

An attempt was made to identify predictors of suicidal 
behavior (suicide and attempted suicide). With use of a 
Cox regression model, it was found that in men diseases 
of the central nervous system increased the risk of repeated 
suicide attempts. However, few men have diseases of the 
central nervous system, so the result may be explained by 
a chance occurrence (ie, spurious finding) and therefore the 
question should be examined in other populations for 
confirmation. 


MULTIPLE SCLEROSIS 


Several investigations have been conducted to assess the 
connection between the risk of suicide and MS (Table 1). 
Müller,” McAlpine et al,’ Schwartz and Pierron,’”* and 
Kurtzke et al”? did not find an increase in the suicide risk 
in their investigations, which were based on small patient 
groups. In an Israeli study, it was found that the suicide 
frequency was 14 times greater for patients with MS. Sa- 
dovnick et al’ found that among 80 deceased patients with 
MS, 13 had committed suicide. In a Danish pilot investiga- 
tion’®'” of the period from 1973 to 1985, five of 56 deaths 
were found to be due to suicide. In all the investigations 
mentioned, no age or sex standardization was conducted 
in the comparison with the control population. 

To date, the most extensive and methodologically cor- 
rect investigation’® of the frequency of suicide in patients 
with MS involved 6088 patient entries in the Danish Scle- 
rosis Register. In this investigation, SMRs were calculated. 
The SMR for men diagnosed while younger than 40 years 
was determined to be 3.12 (95% confidence interval, 2.01 
to 4.60) and for women diagnosed within the same age 
range it was determined to be 2.12 (95% confidence inter- 
val, 1.13 to 3.62). Patients diagnosed after the age of 40 were 
not found to be at greater risk for suicide. The period of 
greatest risk is, according to the investigation, the first 5 
years after diagnosis. The cumulative lifetime risk of com- 
mitting suicide is 1.95%. 

In a recently published American investigation, Sa- 
dovnick et al” found a significantly greater suicide risk 
than was found in the Danish study, ie, a risk that was 7.5 
times greater. The SMR was not calculated, nor was sex 
standardization conducted. Therefore, the skewed sex 
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Autopsy Follow-up 
Study 





Standardized Increased 


Comments 


Mortality Ratio Risk 


No adequate statistical 
method used 


Control group not sex- 
adjusted 


No calculation of suicide risk 


Correct statistical method 


distribution of the disease may become a source of consid- 
erable error. It may be concluded, then, that patients with 
MS are at greater risk of committing suicide than the gen- 
eral population, but the risk involved is slight and is con- 
fined to younger patients. 


EPILEPSY 


In the context of a correlation between disease and sui- 
cide risk, epilepsy has been most thoroughly investigated 
(Table 2). As early as 1941, Prudhomme” published an in- 
vestigation in which he examined, over an extended 
period, 75 000 patients admitted with the diagnosis of ep- 
ilepsy and found 67 suicides. Because of the method used, 
the investigation could merely confirm that suicide oc- 
curred in that particular patient group, but its frequency 
could not be established on that basis. 

In a Danish study*! published in 1970, mortality in a 
representatively selected large group of epileptics was ex- 
amined. The purpose of the study was to register and dif- 
ferentiate the assessment of the epileptics’ application for 
life insurance, which explains why the control group cho- 
sen was made up of the company’s elite customers and not 
the general population. Cause of death, including suicide, 
was compared between the two groups, and it was found 
that the risk of suicide was three times higher for epilep- 
tics. No information on age and sex standardization was 
given. Furthermore, the control group selected may be 
presumed to be a low-risk group and therefore overesti- 
mation of the suicide risk is likely. 

Zielenski* conducted a study of all the persons with ep- 
ilepsy in Warsaw, Poland, by examining all accessible pa- 
tient sources. In the period from 1967 to 1969, 239 deaths 
occurred. The mortality rate in 1969 was calculated and 
was found to be significantly high. The suicide risk was 
five times higher for men and 10 times higher for women. 
The results were not standardized for age, and the com- 
parison population was not described. 

A large follow-up investigation” concerned 2099 epi- 
leptics who were admitted to Chalfont Centre, Chalfont St 
Peter, Buckinghamshire, England, because of epilepsy be- 
tween 1931 and 1971 and who were treated with anticon- 
vulsant drugs and followed up until 1977. The suicide rate 
was compared with that in the control population, age and 
sex standardization was conducted, and the risk span was 
taken into account. The investigation revealed a suicide 
increase that was 5.4 times greater (95% confidence inter- 
val, 3.3 to 8.2). The method used in the investigation is so 
far the most reliable one identified in our review. 

In a Finnish investigation” of 179 deaths of previously 
admitted epileptics, 13 were found to be due to suicide, 
which is significantly more than in the general population 
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Table 2.—Suicide Risk in Epileptic Patients 


No. of No. of Follow- 
Subjects Suicides Autopsy up 


75 000 67 


Source, 
Study Period 


Prudhomme,”” 
undefined 


Henriksen et al,”! 2763 3 times 


1950-1964 


Zielenski,* 
1965-1969 


White et al,” 
1931-1971 


Ivanainen and 
Lehtimen,*4 
1900-1976 


3 times 


in Finland. The investigation dealt with a highly selected 
group of epileptics, and neither age nor sex standardiza- 
tion was performed. 

In their overview article published in 1981, Matthews 
and Barabas” reviewed the literature on the correlation 
between suicide risk and epilepsy. They examined a num- 
ber of small investigations on deaths in selected epileptic 
populations in various countries and reached a total 
suicide frequency of 5%. This rate is in comparison with the 
frequency of 1.4% in the American general population, and 
Matthews and Barabas presented the result as evidence of 
a significantly higher suicide risk for epileptics. The valid- 
ity of the method used is disputable, and therefore the re- 
sults cannot be taken as documentation of a higher suicide 
risk among epileptics. 

Barraclough’ has published an extensive review of the 
literature available on the suicide risk for various groups 
of epileptics. He found that the risk for patients with tem- 
poral lobe epilepsy is five times higher and for those with 
a form of the disease that is difficult to treat it is 25 times 
higher. In this investigation as well, the number of 
observed and expected patients committing suicide is 
taken from a long list of variously selected materials from 
several countries, the sum total of which is used to reach 
a conclusion, the basis of which is methodologically 
unsound. 

In the context of method used in the investigations re- 
viewed herein, one is found to be above criticism,” while 
the remainder are open to a great likelihood of error in the 
estimation of the risk of suicide for epileptics with varying 
degrees of disease severity. In the investigation in ques- 
tion, it was found that the risk of suicide was 5.4 times 
greater for patients receiving medicinal treatment for ep- 
ilepsy. No recent investigations of the suicide risk for ep- 
ileptics could be found, but it could be expected that with 
the advent of the improved treatment options now avail- 
able for these patients, the suicide risk for the group has 
decreased. 


EPILEPSY AND ATTEMPTED SUICIDE 


Hawton et al% during a 2-year period, examined the 
frequency of epilepsy among patients admitted to the hos- 
pital following attempted suicide. The number of at- 
tempted suicides among epileptics is compared with the 
prevalence in the general population and found to be five 
times greater. The patients had more often undergone 
psychiatric treatment and had previously attempted sui- 
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Increased Risk 


Males, 5 times; 
females, 10 times 


5.4 times 





Standardized 


Mortality Ratio Comments 


The study confirmed the presence of 
suicide in this patient group 


The control group selected from 
low-risk persons; no age or sex 
adjustment 


Undefined control group; no age or 
sex adjustment 


Age-adjusted 


Strongly selected high-risk population; 
no age or sex adjustment 


cide more often than people in the control population. 
Mendez et al” compared epileptics who had attempted 
suicide with a matched group of suicide attempters not 
suffering from epilepsy. The conclusion of the investiga- 
tion was that epileptics more frequently have borderline 
personality disturbances, psychotic disorders, and previ- 
ous suicide attempts. 


HUNTINGTON’S CHOREA 


Huntington’s chorea (HC) is an autosomal dominant 
hereditary disease that is characterized by progressive de- 
generation of the central nervous system, personality 
changes, and dementia. Because of its course, the disease 
presents a special problem when assessing the suicide risk. 

As early as 1872, when describing the disease, Hunting- 
ton” pointed out that the tendency to mental illness, par- 
ticularly the form of disorder associated with suicide, was 
pronounced. There are distinct problems involved when 
assessing the suicide risk associated with HC. Because of 
its genetically dominant heredity, the patient is, from fam- 
ily experience (ie, parents, siblings suffering from the dis- 
ease), surely aware of the consequences of the disease. 
Awareness of the 50% risk of contracting the disease is 
something that must be lived with, particularly in the pe- 
riod in life when planning a family or choosing an educa- 
tion or occupation. For the majority of patients, the onset 
of the disease occurs at about the age of 40 years, and the 
average survival time from that point is 10 to 20 years. 

There has been great interest, therefore, in finding ways 
to identify the patients who are liable to contract the dis- 
ease, and new tools have been devised to identify disease 
carriers, ie, the DNA marker. Use of these tools, however, 
implies that serious consideration should be given to the 
humane and ethical aspects involved. It would naturally be 
a relief for some patients to learn that they were not in 
danger of contracting the disease, while at the same time 
the burden of being a genetic carrier is great. Interview in- 
vestigations have been conducted with relatives in the 
group at risk. In one such investigation,” 67 persons with 
a father or mother with HC were interviewed. Forty per- 
cent of them knew of suicidal behavior in their family, 
78.8% wished to be tested for the disease if possible, 71% 
were prepared to undergo elective abortion on confirma- 
tion of the HC gene in their embryo, and 11% mentioned 
suicide as a way out should the test result prove to be pos- 
itive. Such a test should have a high predictive value. Fur- 
thermore, there must be complete awareness of the conse- 
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No. of 
Suicides 


No. of 
Patients 


Source, 
Study Period 


Reed and Chandler,” 
1940-1956 


Schoenfeld et al,?! 
1980-1983 


Autopsy 
Study 


Saugstad and ødegård,” 
1916-1975 


Farrer,” undefined 


*OR indicates odds ratio. 


quences of screening the group at risk, including the 
possibility of increased suicide risk. The investigations 
dealing with the risk of suicide for patients with HC and 
their relatives are reviewed in Table 3. 

Reed and Chandler” examined patients who, with use 
of various sources, were found to have definite HC. The 
patients were followed up until 1956. Several examinations 
were performed, including one on the occurrence of 
suicide in the family and one in a population of patients 
who were alive in April 1940. The first group showed an 
increased suicide risk compared with that in the healthy 
population, three times greater for men and five times 
greater for women. However, no increase was found for 
the second group examined. The selection of the patient 
population in the investigation poses some problems, as 
the sample is small and no age standardization was 
performed, which means that the increased suicide mor- 
tality in the family that is found should be interpreted with 
caution. 

Schoenfeld et al examined 506 patients, 403 of whom 
had a definite diagnosis and 103 of whom had a probable 
one. They found 20 suicides in the population, which cor- 
responds to an increase by five times for suicide risk for 
patients older than 50 years, while the risk for those 
younger than 50 years was not increased. Cause of death, 
however, could only be established with certainty for one 
third of those examined. This means that the suicide risk 
may have been underestimated. The authors therefore also 
investigated the population with known cause of death 
and found that the risk was three times greater for persons 
younger than 50 years and 23 times greater for persons 
older than 50 years. There are elements of uncertainty in 
the investigation concerning selection, and consequently 
uncertainty about the causes of death for two thirds of the 
patients. In a letter to the readers, Chiu and Aleksander” 
stated that in their study population they did not find an 
increased suicide risk for patients with HC. 

Saugstad and Ødegård” examined all patients with HC 
who were admitted to psychiatric departments in Norway 
from 1916 to 1975. They found one suicide and one suicide 
attempt; compared with the yearly number of suicides in 
psychiatric patients, the expected number would have 
been two suicides. The population included only patients 
who had been admitted to a psychiatric department. On 
the other hand, it could have been expected that these pa- 
tients would constitute those at highest risk of suicide in 
the HC group. The control group used was also composed 
of psychiatric patients who, in an earlier investigation,” 
were found to have a significantly higher mortality rate by 
unnatural causes. The conclusion must be that patients 
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Table 3.—Suicide Risk in Patients With Huntington’s Disease 


Follow-up 
Study 


Increased Risk* Comments 


No Small population, no age or sex 
adjustment 


Selection due to unsure cause of 
death for one third of the 
population 


Under 50: 
OR=1.06; over 
50: OR=8.19 


No Selected psychiatric population, use 
high-risk population as controls 


Increased 4 times No age adjustment, a large number 


of dropouts 


with HC do not have a higher mortality rate than patients 
who have been admitted to psychiatric departments and 
not that which the authors contend, ie, that suicide is rare, 
as a high-risk group was used as a control group. 

Farrer” examined 452 patients known to have HC and 
found that 5.7% of all deaths were due to suicide. This was 
correlated with the suicide frequency in the general Cana- 
dian and American populations, which was 1.5%, so that 
the conclusion was that the suicide risk for patients with 
HC was four times greater than that for the general pop- 
ulation. There was a dropout rate of about 20% in the pa- 
tients for whom the cause of death was not reported. No 
correlation was found for point of disease onset and prob- 
ability of suicide, nor was a connection with the particular 
clinical disease type found. Those who committed suicide 
had survived an average of at least half of the expected 
lifetime from onset. 

Most investigations”?! reported an increased fre- 
quency of suicide for patients with HC, but they all con- 
tain sources of error that render conclusions on the extent 
of the suicide risk unreliable. 


TRAUMATIC SPINAL LESIONS 


Nyquist and Bors% examined 2011 patients who had 
been admitted to an American hospital in the period from 
1946 to 1965 (Table 4). Twenty-one patients committed 
suicide, which corresponds to 1.3% of all patients and 8.1% 
of all deaths. The frequency was almost equally distributed 
for all forms of sequelae of spinal lesions. The majority of 
the suicides were in young patients under 30 years. An 
evaluation of a possible increase in the mortality rate for 
suicide in the patient population was not made in the 
investigation. 

Geisler et al” conducted two investigations on mortal- 
ity in patients with traumatic spinal lesions. One investi- 
gation covered the period from 1945 to 1973 and comprised 
1501 patients; the other covered the period from 1973 to 
1980. The investigations covered a representative group of 
patients who had survived the early period after the 
trauma, and information on causes of death was available 
for 98% of the patients. The investigation contains a com- 
parison with an age-standardized healthy population, but 
the mortality rates were not calculated. A higher suicide 
frequency than for the general population was found, 
however, and the risk increased as the general mortality for 
spinal lesions dropped. 

In another investigation, Le and Price” examined 417 
patients with spinal lesions in the period from 1963 to 1976. 
An exact calculation was made of the survival rate of pa- 
tients compared with that of a population matched for age 
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Table 4.—Suicide Risk in Patients With Traumatic Spinal Lesions 


Standardized 
Mortality Ratio 


Source, No. of No. of 
Study Period Subjects Suicides 


Nyquist and Bors,*° 1946-1965 2011 


Follow-up 
Study 


Geisler et al,” 1945-1973 
Geisler et al, 1973-1980 


Le and Price,” 1963-1976 


Frisbie and Kache,* 1973-1982 


DeVivo et al,*' 1973-1984 


and sex. As expected, an increased mortality was found for 
patients with spinal lesions, while suicide was found to be 
the next most frequent cause of death in the patient group, 
occurring most frequently in patients with quadriplegia. 

Frisbie and Kache” examined 923 patients in the period 
from 1973 to 1982, 132 of whom died during that period. 
A comparison was made with a control population, stan- 
dardized for age but not sex. An increase in mortality was 
found for the younger but not the older patients. The sui- 
cide risk was calculated to be four times greater than that 
in the control population and greatest for younger and 
newly diagnosed patients. Because of the relatively small 
population and the absence of sex standardizations, the 
result of a rate that is four times greater than the expected 
rate should be interpreted with caution. 

In a newly published study,“ the SMR for 9135 persons 
injured between 1973 and 1984 was 4.9. The highest SMR 
occurred 1 to 5 years after the injury and was highest for 
persons with complete paraplegia, in whom suicide was 
the chief cause of death. This large and methodologically 
correct study confirms previous results concerning suicide 
risk in patients with traumatic spinal lesions and 
concludes**' that patients with spinal lesions have a 
higher mortality rate than that seen in the general popu- 
lation. Suicide is one of the most frequent causes of death 
in this patient population, and for them the risk of it may 
be up to five times that in the general population. The risk 
is greatest for young persons, for patients with quadriple- 
gia, and in the first years after injury. 

To identify those patients with spinal lesions who are at 
risk of suicide, Charlifue and Gerhart compared 42 
patients who had had the disease and committed suicide 
with a control group of patients, matched for age, sex, and 
neurologic lesion, who had not committed suicide. The risk 
factors found did not differ from those of other patient 
groups. 


CRANIAL TRAUMAS 


Only a few investigations have dealt with cranial trau- 
mas and suicide, the majority of which were conducted in 
the 1960s. In a comprehensive investigation conducted in 
Finland on the correlation between suicide and cranial le- 
sions, Achté et al* found that among a population of 6498 
male Finns who had incurred cranial lesions in the Finn- 
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Increased Risk 


Yes (among the 
young, 4 times) 


Comments 


The highest number of suicides 
among the young (<30 
years), no risk assessment 


Suicide risk increased, decrease 
in mortality 


Age-adjusted, healthy 
population 


Suicide the second most 
common cause of death, 
most frequent among 
quadriplegic patients 


Use age- but not sex-adjusted 
healthy population, newly 
diagnosed patients 


Yes j Correct statistical method 





ish war of 1939-1945, 107 (9.1%) committed suicide. The 
yearly suicide rate for these patients was 70 to 80 per 
100 000 in the 25 years immediately succeeding the occur- 
rence of the lesion, which was twice that in the general 
population. The suicide rate for patients with cranial 
lesions who had been psychotic at one time or another was 
400 per 100000. The suicide risk for patients with severe 
lesions, those with open lesions, and those who developed 
the complication of epilepsy was significantly higher. The 
risk of suicide was low in the first year after the injury, but 
subsequently increased with time. 

Vaukonen* conducted another follow-up investigation 
of soldiers in the Finnish war. Among 3700 patients with 
cranial lesions, 37 committed suicide up until 1957, which 
accounted for 14% of all deaths. The purpose of the inves- 
tigation was not to assess the suicide risk but to character- 
ize circumstances that could explain the act. 

The handicap was most often so serious that the patient 
was forced to give up his former occupation. Some patients 
became increasingly handicapped. Some had physical dis- 
orders before the trauma, and some became psychotic af- 
ter the trauma, two of whom committed suicide while 
psychotic. 

In another 25-year follow-up study, Lewin et al exam- 
ined 479 patients with cranial traumas who had been un- 
conscious or who otherwise suffered from amnesia for a 
week or more. Three of them committed suicide, while the 
expected number was one. The difference is not significant, 
and the sample was small. 


BRAIN TUMORS 


In a review of the literature from 1932, Henry* found 
that about 10% of the patients with brain tumors had sui- 
cidal impulses. No differentiation was made in the review 
between thoughts and acts. In another investigation con- 
ducted in 1938,” in which 530 patients were studied, only 
a few were found to have suicidal behavior. Five suicides 
in patients with an undiagnosed meningioma have been 
described in case histories.* In several investigations” in 
which the correlation between cancer and suicide has been 
examined, it was found that patients with cancer are at in- 
creased risk of suicide. In the meantime, the investigations 
did not find that patients with cranial tumors are at higher 
risk of suicide than other patients with cancer. 
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PARKINSON’S DISEASE 


To our knowledge, no systematic investigations have 
been conducted on the risk of suicide for patients with 
Parkinson’s disease. In 1967, an investigation on the mor- 
tality of patients with Parkinson’s disease was made by 
Hoehn and Yahr,” who examined 802 patients who had 
been treated ina specialized department in the period from 
1949 to 1964. Three hundred forty patients had died, three 
of whom committed suicide. No comparison with the sui- 
cide risk in the general population was made. Among 127 
deaths, Schneider et al?! found that three were due to 
suicide. 

Jackson et al? and Mindham” reported that patients 
with Parkinson’s disease often suffer from mental disor- 
ders but that the condition is often overshadowed by the 
neurologic symptoms. The necessity of a keen awareness 
of this potential complication is emphasized, especially in 
the case of depression, and it is necessary that an effort is 
made to treat them. Comprehensive epidemiologic inves- 
tigation of the risk of suicide in patients with Parkinson’s 
disease is necessary to elucidate the problem. 


VASCULAR DISORDERS 


Only a few investigations have dealt with vascular dis- 
orders with relation to the risk of suicide. Oyebode et al” 
studied a small group of patients (n=20) with subarach- 
noid hemorrhage and a mental disorder. Two of them 
committed suicide, and three made a serious attempt to do 
SO. 

Garden et al and Folstein et al’® found a significantly 
increased risk of depressive disorders in patients who had 
suffered from cerebral insult. A thorough clinical assess- 
ment of the disorder is recommended, as is a recognition 
of the danger of suicide. 


MIGRAINE 


Breslau et al have recently published a very meticu- 
lous study on the risk of a suicide attempt by patients with 
migraine. Of 1200 randomly selected persons, aged 21 to 
30 years, 1007 participated in a structured interview on 
headache and migraine. Patients with migraine were 
identified according to explicitely defined criteria and 
were compared with patients without migraine for at- 
tempted suicide. The odds ratio for attempted suicide by 
patients with migraine with aura was 3:0 (1.4:6.6) com- 
pared with those without migraine. With use of a logistic 
regression model, the results were adjusted for depression, 
other mental illness, and sex. The conclusion was that pa- 
tients with migraine were at a higher risk of suicide 
attempt than those without migraine. 


COMMENT 


In this somewhat critical review of the literature on sui- 
cidal behavior in patients with neurologic diseases, we 
have shown that the conclusions reached in earlier inves- 
tigations are far from always sufficiently substantiated be- 
cause of the small numbers of subjects involved and 
methodologic deficiencies. This applies particularly to 
those studies on epilepsy, HC, and cranial traumas. 

It is precisely the variety of forms of epilepsy that neces- 
sitates the examination of each syndrome singly if differ- 
ences in the risk of suicide for patients with the various 
forms of epilepsy are to be assessed. For example, it could 
be expected that patients who suffer from complex partial 
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seizures and present an increasing frequency of psychic 
symptoms, such as psychoses, could be at great risk. An 
alternative to investigations of particular forms of epilepsy 
could be investigations of representatively selected patient 
groups. The latter is often a difficult task, as epileptics of- 
ten undergo treatment at several clinics. 

Huntington’s chorea presents another problem. It is dif- 
ficult to conduct investigations involving patients with this 
disease, as the period in which the patient with potential 
HC is at risk of the disease ought to be a component of a 
study. In one investigation,” it was found that the patient 
with potential HC is at greater risk than those with the 
disease. Another problem is that most of the studies on HC 
date back some years, whereas new genetic tests have been 
introduced during the 1980s. However, no information on 
the consequences of the tests is available. 

In the case of MS and traumatic spinal lesions, there are 
investigations that are so reliable that it may be concluded 
that these patients are at an increased suicide risk. The 
newest and methodologically most correct investigation”® 
concerning MS shows that the risk of suicide is increased 
for those patients with onset before the age of 30 years. 

The population in the studies on cranial traumas** is 
made up of victims of World War II, while there are no in- 
vestigations on, for example, casualties from traffic acci- 
dents. It is precisely that such a war situation, during 
which treatment and hospital facilities are poor, could af- 
fect the injured person in a way that contributes to the 
greater risk found for these patients. There are no recent 
investigations, for example, on casualties from traffic acci- 
dents, for whom the risk quite possibly is not the same. 
Furthermore, none of the investigations reviewed herein 
include a comparison with a control population that is 
age-standardized, so information on the risk for the group 
of patients in question remains scanty. 

Our knowledge of the suicide risk in relation to brain 
hemorrhages, Parkinson’s disease, and vascular diseases is 
also limited, and new investigations on a possible connec- 
tion between these conditions and a risk of suicide are 
recommended. 


CONCLUSION 


Significant methodologic problems or errors have been 
revealed in most of the investigations reviewed herein on 
a correlation between neurologic diseases and suicide. 
Calculation of the actual extent of the risk involved has 
only been performed in some investigations on MS, spinal 
cord lesions, and epilepsy.'°**"" 

The conclusions drawn in other original reports and 
overview articles are not documented by an indisputable 
choice of method as that sought herein. The minimum re- 
quirement must be that in comparisons with the control 
population, both age and sex standardizations are per- 
formed. Ideally, survival analyses with calculated SMR 
should also be performed. 


This study was supported by grants from the Rockwool Founda- 
tion, Hedehusene Denmark. 
The authors thank Sheila Hauge for proofreading. 


References 
1. Guze SB, Robins E. Suicide among primary affective disorders. Br J 
Psychiatry. 1970;117:437-438. 
2. Mortensen PB, Juel K. Mortality and causes of death in schizophrenic 
patients in DK. Acta Psychiatr Scand. 1990;81:372-377. 
3. Stenager E, Knudsen L, Jensen K. Psychiatric and cognitive aspects of 
multiple sclerosis. Semin Neurol. 1990;10:254-261. 


Suicide and Neurologic Disease—Stenager & Stenager 


4. Newman SC, Bland RC. Suicide risk in various subtypes of affective 
disorder. Acta Psychiatr Scand. 1991;83:420-426. 

5. Barraclough BM. The suicide rate of epilepsy. Acta Psychiatr Scand. 
1987 ;76:339-345. 

6. Whitlock FA. The neurology of affective disorder and suicide. Aust NZ J 
Psychiatry. 1982;16:1-12. 

7. Whitlock FA. Suicide and psysical illness. In: Roy A, ed. Suicide. Bal- 
timore, Md: Williams & Wilkins; 1985:151-170. 

8. Stennsmann R, Sundquist-Stensman UB. Physical disease and disabil- 
ity among 416 suicide cases in Sweden. Scand J Soc Med. 1988;16:149-153. 

9. Allgulander C, Fisher LD. Clinical predictors of completed suicide and 
repeated self-poisoning in 8895 self-poisoning patients. Eur Arch Psychiatry 
Neurol Sci. 1990;239:270-276. 

10. Müller R. Studies on dissiminated sclerosis with special reference to 
symptomatology course and prognosis. Acta Med Scand. 1949;133:122. 

11. McAlpine D, Lumsden CE, Acheson ED. Multiple Sclerosis: A Reap- 
praisal. 2nd ed. Baltimore, Md: Williams & Wilkins; 1972. 

12. Schwartz ML, Pierron M. Suicide and fatal accidents in multiple scle- 
rosis. Omega. 1972;3:291-293. 

13. Kurtzke JF, Beebe GW, Nagler B, Nefzger MD, Auth TL, Kurland LT. 
Studies on the natural history of multiple sclerosis: long-term survival in 
young men. Arch Neurol. 1970;22:215-225. 

14. Leibowitz U, Kahana E, Alter M. Survival in multiple sclerosis. Brain. 
1969;92:115-130. 

15. Sadovnick AB, Ebers K, Paty DW, Eisen K, Hashimoto SA, Hooge J. 
Causes of death in multiple sclerosis. Can J Neurol Sci. 1985;12:189. 

16. Stenager EN, Stenager E, Jensen K. Suizid bei Patienten mit Multipler 
Sclerose. In: Wedler H, Müller HJ, eds. Krankheit und Suizid. Regensburg, 
Germany: Roderer Verlag; 1991:185-191. 

17. Stenager EN, Stenager E, Jensen K. La sclérose en plaque et suicide. 
Rev Neurol (Paris). 1992;148:72-73. 

18. Stenager EN, Stenager E, Koch-Henriksen N, et al. Multiple sclerosis 
and suicide: an epidemiological study. J Neurol Neurosurg Psychiatry. 
1992;55:542-545. 

19. Sadovnick AD, Eisen K, Ebers GC, Paty DW. Causes of death in pa- 
tients attending multiple sclerosis clinics. Neurology. 1991;41:1193-1196. 

20. Prudhomme C. Epilepsy and suicide. J Nerv Ment Dis. 1941;94:722- 
731. 

21. Henriksen PB, Juul-Jensen P, Lund M. The mortality of epileptics. In: 
Brackenridge RBC, ed. International Congress of Life Assurance Medicine: 
Life Assurance Medicine. London, England: Pittman; 1970:139-148. 

22. Zielenski JJ. Mortality and cause of death of epileptics. Epilepsia. 
1974;15:191-201. 

23. White SJ, McLean AEM, Howland C. Anticonvulsant drugs and can- 
cer. Lancet. 1979;2:458-461. 

24. lvanainen M, Lehtimen J. Causes of death in institutionalized epilep- 
tics. Epilepsia. 1979;30:485-492. 

25. Matthews WS, Barabas G. Suicide and epilepsy: a review of the liter- 
ature. Psychosomatics. 1981;22:515-524. 

26. Hawton K, Fagg J, Marsack P. Association between epilepsy and at- 
tempted suicide. J Neurol Neurosurg Psychiatry. 1980;43:168-170. 

27. Mendez MF, Lanska DJ, Manon-Espaillat R, Burnstine TH. Causative 
factors for suicide attempts by overdose in epileptics. Arch Neurol. 1989;46: 
1065-1068. 

28. Huntington G. On chorea. Med Surg Reporter. 1872;26:317-321. 

29. Kessler S. Psychiatric implications of presymptomatic testing for Hunt- 
ington’s disease. Am J Orthopsychiatry. 1987 ;57:212-219. 

30. Reed TE, Chandler JH. Huntington’s chorea in Michigan. Am J Hum 
Genet. 1958;10:201-225. 

31. Schoenfeld M, Myers RH, Cupples LA, Berkman B, Sax DS, Clark E. 


Arch Neurol—Vol 49, December 1992 


Increased rate of suicide among patients with Huntington’s disease. J Neurol 
Neurosurg Psychiatry. 1984;47 :1283-1287. 

32. Chiu E, Aleksander L. Causes of death in Huntington’s disease. Med 
J Aust. 1982;1:153. 

33. Saugstad L, Ødegård Ø. Huntington’s chorea in Norway. Psychol 
Med. 1986;16:39-48. 

34. Saugstad L, Odegard ©. Mortality in psychiatric hospitals in Norway 
1950-74. Acta Psychiatr Scand. 1979;59:431-447. 

35. Farrer LA. Suicide and attempted suicide in Huntington’s disease: im- 
plications for preclinical testing of persons at risk. Am J Med Genet. 1986; 
24:305-311. 

36. Nyquist RH, Bors E. Mortality and survival in traumatic myelopathy 
during nineteen years from 1946 to 1965. Paraplegia. 1967;5:22-47. 

37. Geisler WO, Jousse AT, Wynne-Jones M. Survival in traumatic trans- 
verse myelitis. Paraplegia. 1977;14:262-275. 

38. Geisler WO, Jousse AT, Wynne-Jones M, Breithaupt D. Survival in 
traumatic spinal cord injury. Paraplegia. 1983;21:364-373. 

39. Le CT, Price M. Survival from spinal cord injury. J Chronic Dis. 1982; 
35:487-492. 

40. Frisbie JH, Kache A. Increasing survival and changing causes of death 
in myelopathy patients. J Am Paraplegia Soc. 1983;6:51-56. 

41. DeVivo MJ, Black KJ, Scott Richards J, Stover SL. Suicide following 
spinal cord injury. Paraplegia. 1991;29:620-627. 

42. Charlifue SW, Gerhart KA. Behavioral and demographic predictors of 
suicide after traumatic spinal cord injury. Arch Phys Med Rehabil. 1991;72: 
488-492. 

43. Achté KA, Lonnquist J, Hillbom E. Suicides following war brain inju- 
ries. Acta Psychiatr Scand. 1971;supp! 225:3-92. 

44. Vaukonen K. Suicide among the male disabled with war injuries to the 
brain. Acta Psychiatr Neurol Scand. 1959;137:90-91. 

45. Lewin W, Marshall TF, De C, Roberts AH. Long-term outcome after 
severe head injury. BMJ. 1979;2:1533-1538. 

46. Henry GW. Mental phenomena observed in cases of brain tumor. Am 
J Psychiatry. 1932;12:415-473. 

47. Keschner M, Bender MB, Strauss |. Mental symptoms associated with 
brain tumor. JAMA. 1938;110:714-718. 

48. Feigin G. Suicide and meningioma. Am J Forensic Med Pathol. 1988; 
9:334-335. 

49. Stenager EN, Jensen K, Bille-Brahe U. Suicide and cancer: a review of 
the literature. Ugeskr Laeger. 1991;11:764-768. 

50. Hoehn MM, Yahr MD. Parkinsonism: onset, progression and mortal- 
ity. Neurology. 1967;17:427-442. 

51. Schneider E, Fischer PA, Jacobi P, Kolb R. Mortalität beim Parkinson- 
syndrom und ihre Beeinflussung durch L-Dopa. Fortschr Neurol Psychiatr. 
1981;41:187-192. 

52. Jackson JA, Free GBM, Pike HV. The psychic manifestations in paral- 
ysis agitans. Arch Neurol Psychiatry. 1923;10:680-684. 

53. Mindham RHS. Psychiatric symptoms in parkinsonism. J Neurol Neu- 
rosurg Psychiatry. 1970;33:188-191. 

54. Oyebode F, Kennedy S, Davidson K. Psychiatric sequelae of sub- 
arachnoid haemorrhage. Br J Hosp Med. August 1986:104-108. 

55. Garden FH, Garrison SJ, Jain A. Assessing suicide risk in stroke 
patients: review of two cases. Arch Phys Med Rehabil. 1990;71:1003-1005. 

56. Folstein MF, Maiberger R, McHugh PR. Mood disorder as a specific 
complication of stroke. J Neurol Neurosurg Psychiatry. 1977 ;40:1018-1020. 

57. Breslau N, Davis GC, Andreski P. Migraine, psychiatric disorders, and 
suicide attempts: an epidemiological study of young adults. Psychiatry Res. 
1991;37:11-23. 

58. Breslau N. Migraine, suicidal ideation, and suicide attempts. Neurol- 
ogy. 1992;42:392-395. 


Suicide and Neurologic Disease—Stenager & Stenager 








| 


1303 ; 





-ARCHIVES 


OF 


Neurology 


Index to 


Volume 49 


January through December 1992 


Chief Editor 
Robert J. Joynt, MD, PhD 
601 Elmwood Ave, Rochester, NY 14642 


Associate Editors Neurological Review Editors 
David Goldblatt, MD Richard Moxley III, MD 
Rochester, NY Rochester, NY 
Vladimir Hachinski, MD, FRCPC Anne Young, MD, PhD 
London, Ontario Boston, Mass 
Assistant Editors Editorial Assistants 
Richard Rudick, MD Kathleen Joynt 
Cleveland, Ohio Rochester, NY 
Ira Shoulson, MD Nancy Baldwin 
Rochester, NY Rochester, NY 


History Editors 
Robert Currier, MD 
Jackson, Miss 


Richard Satran, MD 
Rochester, NY 


Editorial Board 


Antonio Damasio, MD, PhD, lowa City, lowa Matthew Menken, MD, Somerset, NJ 
Alan I. Faden, MD, Washington, DC John Moossy, MD, Pittsburgh, Pa 

Robert C. Griggs, MD, Rochester, NY | George W. Paulson, MD, Columbus, Ohio 

John Growdon, MD, Boston, Mass James T. Robertson, MD, Memphis, Tenn 
Robert M. Herndon, MD, Portland, Ore Peritz Scheinberg, MD, Miami, Fla 

Jum Kimura, MD, lowa City, lowa Marjorie E. Seybold, MD, La Jolla, Calif 
Robert B. King, MD, Syracuse, NY Arnold Starr, MD, Irvine, Calif 

Harvey S. Levin, PhD, Galveston, Tex 


AUTHOR INDEX TO VOLUME 49 


In this index in alphabetical order are listed names of authors of all articles and letters. Full citation is given 
under first author only; reference is made from joint authors. Names which begin with a prefix are entered 


under the prefix. The month is given as a two letter notation in parentheses. 


A 


Abramsky O see Averbuch-Heller L 

Abu-Shakra S see Meyd CJ 

Achiron A, Pras E, Gilad R, Ziv I, Mandel M, Gordon CR, 
Noy S, Sarova-Pinhas I, Melamed E: Open controlled 
therapeutic trial of intravenous immune globulin in re- 
lapsing-remitting multiple sclerosis, 1233 (De) 

Acker JD see Raz N 

Adams HP Jr: Impact of Cardiac Surgery on the Quality of 
Life: Neurological and Psychological Aspects (Book Re- 
view) 341 (Ap) 

Adelman L see Ropper AH 

Adelstein BD see Aisen ML 

Aguirre R see Del Brutto OH 

Aharon-Peretz J, Harel T, Revach M, Ben-Haim SA: In- 
creased sympathetic and decreased parasympathetic car- 
diac innervation in patients with Alzheimer’s disease, 919 
(Se) 

Ahlskog JE, Muenter MD, Bailey PA, Stevens PM: Dopam- 
ine agonist treatment of fluctuating Parkinsonism: D-2 
(controlled-release MK-458) vs combined D-1 and D-2 
(pergolide), 560 (My) 

Ahmed I see Kumar P 

Aimard G see Confavreux C 

Aisen ML, Adelstein BD, Romero J, Morris A, Rosen M: 
Peripheral mechanical loading and the mechanism of the 
tremor of chronic alcoholism, 740 (Jy) 

Alarcón TA see Del Brutto OH 

Albers GW, Goldberg MP, Choi DW: Do NMDA antag- 
onists prevent neuronal injury? yes, 418 (Ap) 

Albert M see Sandor T 

Alexander MP, Fischer RS, Friedman R: Lesion localization 
in apractic agraphia, 246 (Mr) 

Almkvist O, Wahlund L-O, Andersson-Lundman G, Ba- 
sun H, Backman L: White-matter hyperintensity and neu- 
ropsychological functions in dementia and healthy aging, 
626 (Je) 

Altshuler L see Bromfield EB 

Amores MG see Pagano MA 

Andersson-Lundman G see Almkvist O 

Andreason P see Rumsey JM 

Andrews H see Pittman J; Stern Y 

Aquino T see Rumsey JM 

Arnold G see Gasser T 

Atkinson P see Hughes R 

Auchus AP see Green RC 

Augustijn P see Vanneste J 

Averbuch-Heller L, Steiner I, Abramsky O: Neurologic 
manifestations of progressive systemic sclerosis, 1292 (De) 

Awad IA see Chimowitz MI 

Ayyar DR see Sheremata WA 


Baars A-J see Sillevis Smitt PAE 

Backman L see Almkvist O 

Bailey PA see Ahlskog JE 

Balish M see Bromfield EB 

Bansil S, Mithen FA, Singhal BS, Cook SD, Rohowsky- 
Kochan C; Elevated neopterin levels in Guillain-Barré syn- 
drome: further evidence of immune activation, 1277 (De) 

Baron J-C see Marchal G 

Barry E, Sussman NM, O'Connor MJ, Harner RN: Presur- 
gical electroencephalographic patterns and outcome from 
anterior temporal lobectomy, 21 (Ja) 

Basun H see Almkvist O 

Baum MK see Beach RS 

Baxter LR see Grafton ST 

Beach RS, Morgan R, Wilkie F, Mantero-Atienza E, Blaney 
N, Shor-Posner G, Lu Y, Eisdorfer C, Baum MK: Plasma 
vitamin B level as a potential cofactor in studies of 
human immunodeficiency virus type 1-related cognitive 
changes, 501 (My) 

Beaver SR see Fletcher JM 

Becker JT see Lopez OL 

Belendiuk G see Stern BJ 

Bell K see Devanand DP; Dooneief G; Marder K; Sano M 

Bello J see Dooneief G 

Bellugi U see Wang PP 

Ben-Haim SA see Aharon-Peretz J 

Benjamin J see Binder J 

Benson DF see Schnider A; Young RR 

Benton AL: Gerstmann’s syndrome, 445 (My) 

Berent S, Giordani B, Gilman S, Junck L, Lehtinen S, 
Kluin K, Koeppe R: Methodologic considerations in neu- 
ropsychologic testing of ataxic patients (letter) 218 (Mr) 

Beresford HR see Haimovic IC 

Berger JR see Sheremata WA 

Berman NG see Boone KB 

Bernat JL: Brain death: occurs only with destruction of the 


Arch Neurol—Vol 49, December 1992 


cerebral hemispheres and the brain stem, 569 (My) 

Bernsen PLJA, Gabreéls FJM, Ruitenbeek W, ter Laak HJ: 
Mitochondrial myopathy or chronic inflammatory de- 
myelinating polyneuropathy (CIDP)? (letter) 1111 (No) 

Bidlack JM: Neuroreceptor Mechanisms in Brain: Advanc- 
es in Experimental Medicine and Biology (Book Review) 
798 (Au) 

Bierer LM see Hof PR 

Biller J, Gordon DL: Clinical Epidemiology of Stroke (Book 
Review) 126 (Fe) 

Binder J, Marshall R, Lazar R, Benjamin J, Mohr JP: Dis- 
tinct syndromes of hemineglect, 1187 (No) 

Black P see Juneau P 

Bland LI, McDonald JV: Hydrocephalus following spinal 
cord schwannoma resection, 882 (Au) 

Blaney N see Beach RS 

Blass JP, Hoyer S, Nitsche R: Binswanger’s disease and 
German translations (letter) 799 (Au) 

Bleecker ML see Meyd CJ 

Boccardi E see Landi G 

Bogousslavsky J, Martin R, Regli F, Despland P-A, Bolyn 
S: Persistent worsening of stroke sequelae after delayed 
seizures, 385 (Ap) 

Bohan TP see Fletcher JM 

Bolla KI, Briefel G, Spector D, Schwartz BS, Wieler L, 
Herron J, Gimenez L: Neurocognitive effects of alumi- 
num, 1021 (Oc) 

Boller F see Lopez OL 

Bolyn S see Bogousslavsky J 

Bondi MW see Monsch AU 

Boone KB, Miller BL, Lesser IM, Mehringer CM, Hill- 
Gutierrez E, Goldberg MA, Berman NG: Neuropsycho- 
logical correlates of white-matter lesions in healthy eld- 
erly subjects: a threshold effect, 549 (My) 

Bornstein RA see Lynn J 

Botez MI see Botez-Marquard T; Lalonde R 

Botez MI: Neuropsychology of the cerebellum: an emerg- 
ing concept (letter) 1229 (De) 

Botez T see Lalonde R 

Botez-Marquard T, Botez MI: Visual memory deficits after 
damage to the anterior commissure and right fornix, 321 
(Mr) 

Bottiglieri T see Reynolds EH 

Botzel K see Danek A 

Bouras C see Hof PR 

Boézzola FG, Gorelick PB, Freels S: Personality changes in 
Alzheimer’s disease, 297 (Mr) 

Brandt ME see Fletcher JM 

Brewer GJ: Thiomolybdates in the treatment of Wilson’s 
disease (letter) 132 (Fe) 

Brichant C see Laloux P 

Briefel G see Bolla KI 

Bromfield EB, Altshuler L, Leiderman DB, Balish M, Ket- 
ter TA, Devinsky O, Post RM, Theodore WH: Cerebral 
metabolism and depression in patients with complex par- 
tial seizures, 617 (Je); correction, 976 (Se) 

Brookshire BL see Fletcher JM 

Bruneel B see Jongen PJH 

Buchan A see Gasecki AP 

Buchan AM: Do NMDA antagonists prevent neuronal in- 
jury? no, 420 (Ap) 

Buchsbaum MS see Hagman JO 

Buée L see Hof PR 

Burns A see Férstl H 

Butters N see Monsch AU; Welsh KA 


C 


Cabré M see Savall R 

Cahn PE see Pagano MA 

Cairns N see Förstl H 

Calne DB see Peppard RF 

Cameron DJ: Cognitive function in late Lyme borreliosis 
(letter) 1011 (Oc) 

Candelise L see Landi G 

Capdevila A see Pujol J 

Caplan LR: Clinics in Geriatric Medicine: Cerebrovascular 
Disorders in the 1990s (Book Review) 1109 (No) 

Capra R, Marcianò N, Vignolo LA, Chiesa A, Gasparotti 
R: Gadolinium-pentetic acid magnetic resonance imag- 
ingin patients with relapsing remitting multiple sclerosis, 
687 (Jy) 

Cardillo JE see Zweig RM 

Carmelli D see Swan GE 

Carmentano P see Ferro S 

Carr GD see Peppard RF 

Carter JH see Nutt JG 

Caruso LS see Foley FW 

Caselli RJ, Jack CR Jr: Asymmetric cortical degeneration 
syndromes: a proposed clinical classification, 770 (Jy) 

Casiró AD see Pagano MA 


Casselman J see Vanooteghem P 

Cauwe F see Laloux P 

Cechetto DF see Hachinski VC 

Celsis P see Rascol O 

Chatterjee A, Strauss ME, Smyth KA, Whitehouse PJ: Per- 
sonality changes in Alzheimer’s disease, 486 (My) 

Chiappa KH see Rizzo JF III 

Chiesa A see Capra R 

Chimowitz MI, Estes ML, Furlan AJ, Awad IA: Further 
observationson the pathology of subcortical lesions iden- 
tified on magnetic resonance imaging, 747 (Jy) 

Choi DW see Albers GW 

Chollet F see Rascol O 

Chroni E see Panayiotopoulos CP 

Chu ML, Shinnar S: Headaches in children younger than 
7 years of age, 79 (Ja) 

Ciaravino J see Smith GS 

Ciccone JR: Murder, insanity, and medical expert witness- 
es, 608 (Je) 

Claassen D see Zubenko GS 

Clark CM, Fleming JA, Li D, Oger J, Klonoff H, Paty D: 
Sleep disturbance, depression, and lesion site in patients 
with multiple sclerosis, 641 (Je) 

Clark WS see Green RC 

Clough JD see Rudick RA 

Cochrane DD see Connolly MB 

Coffey CE see Tupler LA 

Cohen BH see Malik S 

Cohen RM see Rumsey JM 

Colchester A see Hughes R 

Cole D see Ropper AH 

Confavreux C, Croisile B, Garassus P, Aimard G, Trillet 
M: Progressive amusia and aprosody, 971 (Se) 

Connolly MB, Jan JE, Cochrane DD: Visual evoked po- 
tentials and intracranial pressure (letter) 1112 (No) 

Cook JH see Sahgal A 

Cook SD see Bansil S 

Cooke N see Feher EP 

Copeland DR see Moore BD III 

Corbett JJ: Contemporary Neurology Series: The Neurol- 
ogy of Eye Movements, ed 2 (Book Review) 128 (Fe) 

Corkin S see Rizzo JF III 

Cote L see Sano M 

Cote LJ see Mayeux R 

Couch J see Mathew NT 

Courtheoux P see Marchal G 

Coyle PK see Krupp LB 

Crain BJ see Hulette CM 

Crellin RF see Reynolds EH 

Croisile B see Confavreux C 

Cronin-Golomb A see Rizzo JF III 

Culebras A: Epilepsia Experimental (Book Review) 898 (Se) 

Cummings JL see Gorman DG 

Cummings JL: Acquired Aphasia, ed 2 (Book Review) 216 
(Mr) 

Cusmai R see Ricci S 


D 


D’Alessandro R see Ferro S 

D’Alessandro R: Geographic opinions on speech impair- 
ment in myasthenia gravis (letter) 346 (Ap) 

D’Angelo A see Landi G 

Daelmans HEM see Jongen PJH 

Damasio AR see Eslinger PJ 

Damasio H see Eslinger PJ 

Damasio H, Frank R: Three-dimensional in vivo mapping 
of brain lesions in humans, 137 (Fe) 

Danek A, Helmchen C, Bétzel K: Meaning of Sherlock 
Holmes (letter) 350 (Ap) 

Dankert J see Kuiper H 

Daruna JH, Nelson AV, Green JB: P300 in patients with 
temporal lobe lesions (letter) 219 (Mr) 

Daskalopoulos C see Panayiotopoulos CP 

Davidson KC see Fletcher JM 

Davidson PW: Learning Disabilities: A Review of Available 
Treatments (Book Review) 16 (Ja) 

Davies GAG see Vanneste J 

Davis RS: Clinical Neuro-Urology, ed 2 (Book Review) 128 
(Fe) 

Davis SM see Kilpatrick CJ 

Dawson TM see Lynch DR 

de Decker C see Emre M 

de Jong JMBV see Sillevis Smitt PAE 

de Jongh BM see Kuiper H 

de Leon MJ see Smith GS 

de Wolff FA see Sillevis Smitt PAE 

DeCarli C see Murphy DGM 

Declerck AC see van Donselaar CA 

Decoster P see Laloux P 

DeFreitas E see Sheremata WA 


Author Index 1305 


- ee Se aa 


Dehaene I see Vanooteghem P 

Del Brutto OH, Sotelo J, Aguirre R, Diaz-Calderén E, 
Alarcón TA: Albendazole therapy for giant subarachnoid 
cysticerci, 535 (My) 

Del Sette M see Primavera A 

Delacourte A see Hof PR 

Delecluse F, Waldemar G, Vestermark S, Paulson OB: 
Cerebral blood flow deficits in hereditary essential my- 
oclonus, 179 (Fe); correction, 873 (Au) 

Dellepiane MC see Pagano MA 

DeLong R, Siddique T: Large New England kindred with 
autosomal dominant neurogenic scapuloperoneal amy- 
otrophy with unique features, 905 (Se) 

den Hartog MR see Jongen PJH 

Den Tandt W see Van Hoof F 

Denaro J see Mayeux R 

DePippo KL, Holas MA, Reding MJ: Validation of the 3-oz 
water swallow test for aspiration following stroke, 1259 
(De) 

Derlon J-M see Marchal G 

Deshmukh VD, Laneve L, Fallon WF Jr: Violent brain 
injuries by gunshot in Duval County, Florida, 1989-1991 
(letter) 588 (Je) 

Despland P-A see Bogousslavsky J 

Destée A see Godefroy O 

Devanand DP, Miller L, Richards M, Marder K, Bell K, 
Mayeux R, Stern Y: Columbia University Scale for psy- 
chopathology in Alzheimer’s disease, 371 (Ap) 

Devinsky O see Bromfield EB 

Devous MD Sr see Pool KD 

Devriese PP see Kuiper H 

Dexter J see Mathew NT 

Dhuna A, Toro C, Torres F, Kennedy WR, Krivit W: Lon- 
gitudinal neurophysiologic studies in a patient with 
metachromatic leukodystrophy following bone marrow 
transplantation, 1088 (Oc) 

Diaz ML see Ramos-Kuri M 

Diaz-Calderén E see Del Brutto OH 

Dick L see LaBarge E 

Dimitsopulos T see Kurlan R 

Dimitsopulos T: Huntington's Disease (Book Review) 1109 
(No) 

Dirven C see Vanneste J 

Djang WT see Tupler LA 

Dobyns WB see Fischer M 

Doherty S see Wang PP 

Doody RS see Feher EP 

Doolittle TH see Hauser SL 

Dooneief G see Marder K; Sano M 

Dooneief G, Bello J, Todak G, Mun IK, Marder K, Malouf 
R, Gorman J, Hilal S, Stern Y, Mayeux R: Prospective 
controlled study of magnetic resonance imaging of the 
brain in gay men and parenteral drug users with human 
immunodeficiency virus infection, 38 (Ja) 

Dooneief G, Mirabello E, Bell K, Marder K, Stern Y, May- 
eux R: Estimate of the incidence of depression in idio- 
pathic Parkinson's disease, 305 (Mr) 

Dotti MT see Mondelli M 

Dreifuss FE: Chronic Encephalitis and Epilepsy (Book Re- 
view) 898 (Se) 

Dwyer BA, Mayer RF, Lee SC: Progressive nemaline (rod) 
myopathy as a presentation of human immunodeficiency 
virus infection (letter) 440 (My) 

Dyck PJ see Jaradeh S 

Dyck PJ: Nerve Injuries and Their Repair: A Critical Ap- 
praisal (Book Review) 213 (Mr) 


E 


Earl NL see Hulette CM 

Easton JD see Wilterdink JL 

Ebers GC see Gasecki AP 

Edwardson JA see Sahgal A 

Eguchi K see Ichinose K 

Ehrhardt A see Marder K 

Eisdorfer C see Beach RS 

El-Sadr W see Marder K 

Elliott FA: Violence: the neurologic contribution: an over- 
view, 595 (Je) 
Emre M, de Decker C: Effects of cigarette smoking on motor 
functions in patients with multiple sclerosis, 1243 (De) 
Eslinger PJ, Grattan LM, Damasio H, Damasio AR: De- 
velopmental consequences of childhood frontal lobe dam- 
age, 764 (Jy) 

Essink AWG see van Laar T 

Estes ML see Chimowitz MI; Ransohoff RM 


F 


Fabsitz RR see Swan GE 

Faden AI see Halt PS 

Faden AI: Biochemical Basis of Neuropharmacology (Book 
Review) 1109 (No) 

Fader AI: Spinal Cord Dysfunction (Book Review) 1226 (De) 

Fagan SM see Tupler LA 

Fallon WF Jr see Deshmukh VD 

Faludy JE see Reynolds EH 

Fariello G see Ricci S 

Farmer RG see Rudick RA 

Farmer TW, Hulette CM, Vogel FS: ‘Haw River Syndrome’ 


1306 Arch Neurol—Vol 49, December 1992 


or dentato-rubro-pallido-luysian atrophy? (letter) 13 (Ja) 

Fazekas F see Schmidt R 

Federico A see Mondelli M 

Feher EP, Mahurin RK, Doody RS, Cooke N, Sims J, Piroz- 
zolo FJ: Establishing the limits of the Mini-Mental State: 
examination of ‘subtests’, 87 (Ja) 

Fels AOS see Henson JW 

Fennell E see Mennemeier M 

Ferrier IN see Sahgal A 

Ferris SH see Smith GS 

Ferro S, Giovannini A, Fiorani L, Carmentano P, 
D'Alessandro R: Mortality from motor neuron disease in 
the province of Bologna, Italy, 1986 through 1988, 661 (Je) 

Figini HA see Pagano MA 

Finitzo T see Pool KD 

Finkel MF: Lyme Disease and the Nervous System (Book 
Review) 899 (Se) 

Finkel MJ, Halperin JJ: Nervous system Lyme borreliosis- 
-revisited, 102 (Ja) 

Fiorani L see Ferro S 

Fischer M, Ryan SB, Dobyns WB: Mechanisms of inter- 
hemispheric transfer and patterns of cognitive function in 
acallosal patients of normal intelligence, 271 (Mr) 

Fischer RS see Alexander MP 

Flamenbaum W see Mathew NT 

Fleming JA see Clark CM 

Fletcher JM, Bohan TP, Brandt ME, Brookshire BL, Beaver 
SR, Francis DJ, Davidson KC, Thompson NM, Miner 
ME: Cerebral white matter and cognition in hydroceph- 
alic children, 818 (Au) 

Flowers L see Hagman JO 

Foley FW, Traugott U, LaRocca NG, Smith CR, Perlman 
KR, Caruso LS, Scheinberg LC: Prospective study of 
depression and immune dysregulation in multiple scle- 
rosis, 238 (Mr) 

Folstein SE see Zweig RM 

Forsell Y see Fratiglioni L 

Férstl H: Neurologic disease described in the Journal of 
Empirical Psychology (Gnothi Sauton oder Magazin zur Er- 
fahrungsseelenkunde), 1783-1793, 187 (Fe) 

Férstl H, Burns A, Levy R, Cairns N, Luthert P, Lantos P: 
Neurologic signs in Alzheimer’s disease: results of a pro- 
spective clinical and neuropathologic study, 1038 (Oc) 

Foulkes MA see Steinke W 

Francis DJ see Fletcher JM 

Frank JI, Ropper AH, Zuniga G: Acute intracranial lesions 
and respiratory sinus arrhythmia, 1200 (No) 

Frank R see Damasio H 

Fratiglioni L, Grut M, Forsell Y, Viitanen M, Winblad B: 
Clinical diagnosis of Alzheimer’s disease and other de- 
mentias in a population survey: agreement and causes of 
disagreement in applying Diagnostic and Statistical Manual 
of Mental Disorders, revised third edition, criteria, 927 (Se) 

Freels S see Bozzola FG 

Freeman FJ see Pool KD 

Freidl W see Schmidt R 

Fried A see Malik S 

Friedman R see Alexander MP 

Frisina R: Tinnitus: Diagnosis/Treatment (Book Review) 
797 (Au) 

Fukuuchi Y see Kobari M 

Furlan AJ see Chimowitz MI 

Fusco L see Ricci S 


G 


Gabreéls FJM see Bernsen PLJA 

Galetta SL see Lynch DR 

Galloway PH see Sahgal A 

Gancher ST see Nutt JG 

Garassus P see Confavreux C 

Garau ML see Pagano MA 

Gargan R see Maiese K 

Gasecki AP, Ebers GC, Vellet AD, Buchan A: Sciatic neu- 
ropathy associated with persistent sciatic artery, 967 (Se) 

Gasparotti R see Capra R 

Gasser T, Schwarz J, Arnold G, Trenkwalder C, Oertel 
WH: Apomorphine test for dopaminergic responsiveness 
in patients with previously untreated Parkinson's dis- 
ease, 1131 (No) 

Geerts AT see van Donselaar CA 

Gendre I see Sasco AJ 

George AE see Smith GS 

George ED see Radley MG 

Gibson CJ: Neurologic Clinics: Disorders of the Spinal Cord 
(Book Review) 1224 (De) 

Gilad R see Achiron A 

Gili J see Pujol J 

Gilman S see Berent S 

Gimenez L see Bolla KI 

Gindl K see Schmidt R 

Gingrich KJ: Neuroanesthesia: Handbook of Clinical and 
Physiologic Essentials, ed 2 (Book Review) 680 (Jy) 

Giordani B see Berent S 

Giovannini A see Ferro S 

Giuliani MJ see Peterson AR 

Godefroy O, Rousseaux M, Leys D, Destée A, Scheltens P, 
Pruvo JP: Frontal lobe dysfunction in unilateral lenticu- 
lostriate infarcts: prominent role of cortical lesions, 1285 
(De) 


Goldberg MA see Boone KB 

Goldberg MP see Albers GW 

Goldblatt D: 

Trials of an Expert Witness: Tales of Clinical Neurology and 
the Law (Book Review) 126 (Fe) 

Violence: resensitizing the inured (letter) 440 (My) 

Goldman HB: Lyme disease revisited (letter) 901 (Se) 

Goldstein FC see Green RC 

Goldstein FC, McKendall RR, Haut MW: Gist recall in 
multiple sclerosis, 1060 (Oc) 

Goldstein J see Mathew NT 

Goldstein S see Marder K 

Golomb J see Smith GS 

Goodkin DE, Jacobsen DW, Green R: Biologically signif- 
icant serum vitamin B, deficiency in multiple sclerosis 
inadequately documented (letter) 683 (Jy) 

Goodkin DE, Ross JS, Medendorp SV, Konecsni J, Rudick 
RA: Magnetic resonance imaging lesion enlargement in 
multiple sclerosis: disease-related activity, chance occur- 
rence, or measurement artifact? 261 (Mr) 

Gordon CR see Achiron A 

Gordon DL see Biller J 

Gorelick PB see Bozzola FG 

Gorman DG, Cummings JL: Hypersexuality following sep- 
tal injury, 308 (Mr) 

Gorman J see Dooneief G; Marder K 

Govezensky T see Ramos-Kuri M 

Grabow JD: Chronic Epilepsy: Its Prognosis and Manage- 
ment (Book Review) 1225 (De) 

Graeber MC, Jordan JE, Mishra SK, Nadeau SE: Water- 
shed infarction on computed tomographic scan: an un- 
reliable sign of hemodynamic stroke, 311 (Mr) 

Grafton ST, Mazziotta JC, Pahl JJ, St George-Hyslop P, 
Haines JL, Gusella J, Hoffman JM, Baxter LR, Phelps 
ME: Serial changes of cerebral glucose metabolism and 
caudate size in persons at risk for Huntington's disease, 
1161 (No) 

Gragg LA see Rudick RA 

Grant I see Gulevich SJ 

Grattan LM see Eslinger PJ 

Grau JM see Pujol J 

Gravenmade EJ’s see Minderhoud JM 

Green J see Green RC 

Green JB see Daruna JH 

Green R see Goodkin DE 

Green RC, Goldstein FC, Auchus AP, Presley R, Clark WS, 
Van Tuyl L, Green J, Hersch SM, Karp HR: Treatment 
trial of oxiracetam in Alzheimer’s disease, 1135 (No) 

Greenamyre JT: N-methyl-D-aspartate antagonists, schizo- 
phrenia, and neuroleptic malignant syndrome (letter) 901 
(Se) 

Greenblatt DW: International Classification of Sleep Dis- 
orders (Book Review) 214 (Mr) 

Grifol M see Savall R 

Grochowski E see Peppard RF 

Groenhout KM see van Kooten B 

Grond M see Mielke R 

Growdon J see Hauser SL 

Growdon JH see Rizzo JF III 

Grut M see Fratiglioni L 

Guiraudon C see Hachinski VC 

Gulevich SJ, Kalmijn JA, Thal LJ, lragui-Madoz V, Mc- 
Cutchan JA, Kennedy C, Grant I, HIV Neurobehavioral 
Research Center Group: Sensory testing in human im- 
munodeficiency virus type 1-infected men, 1281 (De) 

Gusella J see Grafton ST 

Guttman M see Peppard RF 


H 


Hachinski V: 

Brain death or loss of human brain life? 572 (My) 

NMDA antagonist protection from neuronal injury, 421 (Ap) 

Upgoing thumb sign (letter) 346 (Ap) 

Hachinski VC, Oppenheimer SM, Wilson JX, Guiraudon 
C, Cechetto DF: Asymmetry of sympathetic consequenc- 
es of experimental stroke, 697 (Jy) 

Hachinski VC, Wilson JX, Smith KE, Cechetto DF: Effect 
of age on autonomic and cardiac responses in a rat stroke 
model, 690 Jy) 

Hagman JO, Wood F, Buchsbaum MS, Tallal P, Flowers L, 
Katz W: Cerebral brain metabolism in adult dyslexic sub- 
jects assessed with positron emission tomography during 
performance of an auditory task, 734 (Jy) 

Haimovic IC, Beresford HR: 

Cardiovascular investigation in elderly patients with tran- 
sient unresponsiveness (letter) 1112 (No) 

Transient unresponsiveness in the elderly: report of 5 cases, 
35 (Ja) 

Haines JL see Grafton ST 

Haldeman S see Zhu Y 

Hall CD see Messenheimer JA 

Hall S see Hughes R 

Halperin JJ see Finkel MJ; Krupp LB 

Halt PS, Swanson RA, Faden AI: Alcohol exacerbates be- 
havioral and neurochemical effects of rat spinal cord trau- 
ma, 1178 (No) 

Hamburger SD see Rumsey JM 

Harding AE see Kartsounis LD 

Harel T see Aharon-Peretz J 


Author Index 


Harner RN see Barry E 

Harrington WJ Jr see Sheremata WA 

Hart YM see Manford M 

Hauser SL, Doolittle TH, Lopez-Bresnahan M, Shahani B, 
Schoenfeld D, Shih VE, Growdon J, Lehrich JR: Anti- 
spasticity effect of threonine in multiple sclerosis, 923 (Se) 

Haut MW see Goldstein FC 

Hawk TC see Hoffman JM 

Hedreen JC see Zweig RM 

Heilman KM see Mennemeier M 

Heilman KM: Disturbances of Lower and Higher Visual 
Capacities Caused by Occipital Damage (Book Review) 
341 (Ap) 

Heimans JJ see van Kooten B 

Heiss W-D see Mielke R 

Helmchen C see Danek A 

Hemenegildo N see Mayeux R 

Henson JW, Walker RW, Stover DE, Fels AOS, Jalaj JK: 
Pneumocystis carinii pneumonia associated with solid ec- 
topic corticotropin-producing tumors (letter) 1012 (Oc) 

Herholz K see Mielke R 

Herron J see Bolla KI 

Hersch SM see Green RC 

Herzog AG: Prolactin: quo vadis? 223 (Mr) 

Herzog AG, Levesque LA: Testosterone, free testosterone, 
non-sex hormone-binding globulin-bound testosterone, 
and free androgen index: which testosterone measure- 
ment is most relevant to reproductive and sexual function 
in men with epilepsy? (letter) 133 (Fe) 

Hesselink JR see Wang PP 

Heyman A see Welsh KA 

Hickling EJ see Ritaccio AL 

Hier DB see Steinke W 

Hilal S see Dooneief G 

Hill RD, Storandt M, LaBarge E: Psychometric discrimi- 
nation of moderate senile dementia of the Alzheimer 
type, 377 (Ap) 

Hill-Gutierrez E see Boone KB 

HIV Neurobehavioral Research Center Group see Gu- 
levich SJ 

Hodgson MJ see Morrow LA 

Hof PR, Bierer LM, Perl DP, Delacourte A, Buée L, Bouras 
C, Morrison JH: Evidence for early vulnerability of the 
medial and inferior aspects of the temporal lobe in an 
82-year-old patient with preclinical signs of dementia: 
regional and laminar distribution of neurofibrillary tan- 
gles and senile plaques, 946 (Se) 

Hoffman JM see Grafton ST 

Hoffman JM, Mazziotta JC, Hawk TC, Sumida R: Cerebral 
glucose utilization in motor neuron disease, 849 (Au) 

Holas MA see DePippo KL 

Holmes FF see Jacobs DH 

Honig LS, Ramsay RE, Sheremata WA: Event-related po- 
tential P300 in multiple sclerosis: relation to magnetic 
resonance imaging and cognitive impairment, 44 (Ja) 

Hoogstraten MC see Minderhoud JM 

Hopper JL see Kilpatrick CJ 

Horwitz B see Murphy DGM 

Houston S see Thornton CA 

Hoyer S see Blass JP 

Hughes JP see Welsh KA 

Hughes R, Sanders E, Hall S, Atkinson P, Colchester A, 
Payan P: Subacute idiopathic demyelinating polyradic- 
uloneuropathy, 612 (Je) 

Huijgens PC see van Kooten B 

Hulette CM see Farmer TW 

Hulette CM, Earl NL, Crain BJ: Evaluation of cerebral 
biopsies for the diagnosis of dementia, 28 (Ja) 

Hurwitz TD see Mahowald MW 

Huygen PLM see Verhagen WIM 

Hyde TM, Ziegler JC, Weinberger DR: Psychiatric distur- 
bances in metachromatic leukodystrophy: insights into 
the neurobiology of psychosis, 401 (Ap) 


I 


Ichinose K, Nakamura T, Kawakami A, Eguchi K, Na- 
gasato K, Shibayama K, Tsujihata M, Nagataki S: In- 
creased adherence of T cells to human endothelial cells in 
patients with human T-cell lymphotropic virus type I- 
associated myelopathy, 74 (Ja) 

Ince B: Circadian variation in stroke (letter) 900 (Se) 

Iragui-Madoz V see Gulevich SJ 

Isojärvi JIT: Testosterone, free testosterone, non-sex hor- 
mone-binding globulin-bound testosterone, and free an- 
drogen index: which testosterone measurement is most 
relevant to reproductive and sexual function in men with 
epilepsy? (letter) 134 (Fe) 


Jack CR Jr see Caselli RJ 

Jacobs DH, Holmes FF, McFarlane MJ: Meningiomas are 
not significantly associated with breast cancer, 753 (Jy) 

Jacobsen DW see Goodkin DE 

Jalaj JK see Henson JW 

Jan JE see Connolly MB 

Jansen ENH see van Laar T 

Jaradeh S, Dyck PJ: Hereditary motor and sensory neur- 
opathy with treatable extrapyramidal features, 175 (Fe) 


Arch Neurol—Vol 49, December 1992 


Jardim E see Takayanagui OM 

Jensen R see Rasmussen BK 

Jolesz F see Sandor T 

Jones K see Sandor T 

Jongen PJH, Daelmans HEM, Bruneel B, den Hartog MR: 
Humoral and cellular immunologic study of cerebrospi- 
nal fluid in a patient with Behcet encephalitis, 1075 (Oc) 

Jordan JE see Graeber MC 

Joynt RJ: Make my day, 591 (Je) 

Junck L see Berent S 

Juneau P, Schoene WC, Black P: Malignant tumors in the 
pituitary gland, 555 (My) 

Junqué C see Pujol J 


K 


Kaji R: Peripheral Neurology: Case Studies in Electrodi- 
agnosis, ed 2 (Book Review) 899 (Se) 

Kalkowski JC see Messenheimer JA 

Kalmijn JA see Gulevich SJ 

Kamman RL see Minderhoud JM 

Karp HR see Green RC 

Karstaedt PJ, Pincus JH: Protein redistribution diet remains 
effective in patients with fluctuating Parkinsonism, 149 
(Fe) 

Kartsounis LD, Troung DD, Morgan-Hughes JA, Harding 
AE: Neuropsychological features of mitochondrial myo- 
pathies and encephalomyopathies, 158 (Fe) 

Katz W see Hagman JO 

Katzman R see Monsch AU 

Kawakami A see Ichinose K 

Kennedy C see Gulevich SJ 

Kennedy WR see Dhuna A 

Kertesz A: 

Laura: A Case Study for the Modularity of Language (Book 
Review) 1225 (De) 

Morphology, Phonology, and Aphasia (Book Review) 1226 
(De) 

Kessler J see Mielke R 

Ketter TA see Bromfield EB 

Key JD see Westmoreland BF 

Kikinis R see Sandor T 

Kilpatrick CJ, Davis SM, Hopper JL, Rossiter SC: Early 
seizures after acute stroke: risk of late seizures, 509 (My) 

King AC see Rumsey JM 

King RB: Traumatic Transtentorial Herniation and Its Man- 
agement (Book Review) 127 (Fe) 

Kirker SG see Reynolds EH 

Kissel JT see Lynn J 

Kleikamp TJ see Yong WH 

Kleinert G see Schmidt R 

Klonoff H see Clark CM 

Kluger A see Smith GS 

Kluin K see Berent S 

Kobari M, Fukuuchi Y, Shinohara T, Nogawa S, Taka- 
hashi K: Local cerebral blood flow and its response to 
intravenous levodopa in progressive supranuclear palsy: 
comparison with Parkinson’s disease, 725 (Jy) 

Koeppe R see Berent S 

Konecsni J see Goodkin DE 

Kopp U see Zubenko GS 

Kornhuber J see Weller M 

Kremer HPH, Roos RAC: Weight loss in Huntington's dis- 
ease (letter) 349 (Ap) 

Krendel DA: Mitochondrial myopathy or chronic inflam- 
matory demyelinating polyneuropathy (CIDP)? (letter) 
1111 (No) 

Krivit W see Dhuna A 

Krops-Hermus ACM see Sillevis Smitt PAE 

Krumholz A see Stern BJ 

Krupp LB, Coyle PK, Halperin JJ: Cognitive function in late 
Lyme borreliosis (letter) 1011 (Oc) 

Kuiper H, Devriese PP, de Jongh BM, Vos K, Dankert J: 
Absence of Lyme borreliosis among patients with pre- 
sumed Bell’s palsy, 940 (Se) 

Kumar P, Ahmed I: Pupil-sparing oculomotor palsy due to 
midbrain infarction (letter) 348 (Ap) 

Kurlan R: Pathogenesis of Tourette’s syndrome: possible 
role for hormonal and excitatory neurotransmitter influ- 
ences in brain development, 874 (Au) 

Kurlan R, Dimitsopulos T: Selegiline and manic behavior 
in Parkinson’s disease (letter) 1231 (De) 

Kurtzke JF: Epilepsy: Frequency, Causes and Consequenc- 
es (Book Review) 342 (Ap) 


L 


La Regina ME see Smith GS 

LaBarge E see Hill RD 

LaBarge E, Smith DS, Dick L, Storandt M: Agraphia in 
dementia of the Alzheimer type, 1151 (No) 

Lalonde R, Botez T, Botez MI: Methodologic consider- 
ations in neuropsychologic testing of ataxic patients (let- 
ter) 218 (Mr) 

Laloux P, Brichant C, Cauwe F, Decoster P: Technetium- 
99m HM-PAO single photon emission computed tomog- 
raphy imaging in transient global amnesia, 543 (My) 

Landau WM: Landau-Kleffner syndrome: an eponymic 
badge of ignorance, 353 (Ap) 

Landi G, D’Angelo A, Boccardi E, Candelise L, Mannucci 


PM, Morabito A, Orazio EN: Venous thromboembolism 
in acute stroke: prognostic importance of hypercoagula- 
bility, 279 (Mr) 

Landis T see Schnider A 

Laneve L see Deshmukh VD 

Langston JW see Zweig RM 

Lantigua R see Stern Y 

Lantos P see Förstl H 

LaRocca NG see Foley FW 

Larralde C see Ramos-Kuri M 

LaRue A see Swan GE 

Latif AS see Thornton CA 

Laundy M see Reynolds EH 

Lawton A see Sano M 

Lazar R see Binder J 

Le Poec C see Marchal G 

Lechner H see Schmidt R 

Lee SC see Dwyer BA 

Legler L see Sano M 

Lehrich JR see Hauser SL 

Lehtinen S see Berent S 

Leiderman DB see Bromfield EB 

Leifer D see Schmahmann JD 

Lennox G, Purves A, Marsden D: Myotonia fluctuans (let- 
ter) 1010 (Oc) 

Lessell S see Rizzo JF II 

Lesser IM see Boone KB 

Levesque LA see Herzog AG 

Levy B see Moore BD III 

Levy R see Förstl H 

Leys D see Godefroy O 

Li D see Clark CM 

Lightman S see Meierkord H 

Linet MS, Ziegler DK, Stewart WF: Headaches preceded 
by visual aura among adolescents and young adults: a 
population-based survey, 512 (My) 

Link B see Pittman J 

Linnell JC see Reynolds EH 

Lloyd S see Sahgal A 

Logue PE see Tupler LA 

Loonen MCB see Paquier PF 

Lopez OL, Becker JT, Rezek D, Wess J, Boller F, Reynolds 
CF III, Panisset M: Neuropsychiatric correlates of cere- 
bral white-matter radiolucencies in probable Alzheimer’s 
disease, 828 (Au) 

Lopez-Bresnahan M see Hauser SL 

Louis DN see Ropper AH 

Louwerse ES see Sillevis Smitt PAE 

Lu Y see Beach RS 

Luthert P see Förstl H 

Lynch DR, Dawson TM, Raps EC, Galetta SL: Risk factors 
for the neurologic complications associated with aortic 
aneurysms, 284 (Mr) 

Lynn J, Rammohan KW, Bornstein RA, Kissel JT: Central 
nervous system involvement in the eosinophilia-myalgia 
syndrome, 1082 (Oc) 


M 


Mahowald MW, Schenck CH, Rosen GM, Hurwitz TD: 
Role of a sleep disorder center in evaluating sleep vio- 
lence, 604 (Je) 

Mahurin RK see Feher EP 

Maiese K, Walker RW, Gargan R, Victor JD: Intra-arterial 
cisplatin-associated optic and otic toxicity, 83 (Ja) 

Malik S, Cohen BH, Robinson J, Fried A, Sila CA: Pro- 
gressive vision loss: a rare manifestation of familial cav- 
ernous angiomas, 170 (Fe) 

Malouf R see Dooneief G; Marder K 

Mandel M see Achiron A 

Manford M, Hart YM, Sander JWAS, Shorvon SD: Na- 
tional general practice study of epilepsy: the syndromic 
classification of the International League Against Epilep- 
sy applied to epilepsy in a general population, 801 (Au) 

Mangone CA see Pagano MA 

Mani R see Schroth WS 

Mannucci PM see Landi G 

Mantero-Atienza E see Beach RS 

Marc-Vergnes J-P see Rascol O 

Marcelis J see Silberstein SD 

Marchal G, Rioux P, Petit-Taboué M-C, Sette G, Travére 
J-M, Le Poec C, Courtheoux P, Derlon J-M, Baron J-C: 
Regional cerebral oxygen consumption, blood flow, and 
blood volume in healthy human aging, 1013 (Oc) 

Marciano N see Capra R 

Marcus JC: Flexor plantar responses in children with upper 
motor neuron lesions, 1198 (No) 

Marder K see Devanand DP; Dooneief G; Mayeux R; 
Sano M 

Marder K, Stern Y, Malouf R, Tang M-X, Bell K, Dooneief 
G, El-Sadr W, Goldstein S, Gorman J, Richards M, Sano 
M, Sorrell S, Todak G, Williams JBW, Ehrhardt A, May- 
eux R: Neurologic and neuropsychological manifesta- 
tions of human immunodeficiency virus infection in in- 
travenous drug users without acquired immunodeficien- 
cy syndrome: relationship to head injury, 1169 (No) 

Marsden D see Lennox G 

Marshall R see Binder J 

Marti-Vilalta JL see Pujol J 

Martin R see Bogousslavsky J 


Author Index 1307 


~a ' 
2. é 


Martin WRW see Peppard RF 

Martinez AJ see Zubenko GS 

Mathew NT, Dexter J, Couch J, Flamenbaum W, Goldstein 
J, Rapoport A, Sheftell F, Saper J, Silberstein S, So- 
lomon S, Welch K, US Sumatriptan Research Group: 
Dose ranging efficacy and safety of subcutaneous 
sumatriptan in the acute treatment of migraine, 1271 (De) 

Mayer RD: Neurobiology of Incontinence (Book Review) 
127 (Fe) 

Mayer RF see Dwyer BA 

Mayeux R see Devanand DP; Dooneief G; Marder K; 
Pittman J; Sano M; Stern Y 

Mayeux R, Denaro J, Hemenegildo N, Marder K, Tang 
M-X, Cote LJ, Stern Y: Population-based investigation of 
Parkinson's disease with and without dementia: relation- 
ship to age and gender, 492 (My) 

Mazziotta JC see Grafton ST; Hoffman JM 

McCutchan JA see Gulevich SJ 

McDonald JV see Bland LI 

McFarlane MJ see Jacobs DH 

McGeer PL see Peppard RF 

McHugh M see Peterson AR 

McKeith IG see Sahgal A 

McKendall RR see Goldstein FC 

McKhann GM: Guillain-Barré Syndrome (Book Review) 
1110 (No) 

McNamara ME: Idiopathic intracranial hypertension with- 
out papilledema: related to sleep apnea? (letter) 14 (Ja) 

McQuillen DP, Sugar AM: Pneumocystis carinii pneumonia 
associated with solid ectopic corticotropin-producing tu- 
mors (letter) 1012 (Oc) 

McRae T see Smith GS 

Medendorp SV see Goodkin DE 

Mehringer CM see Boone KB 


-Meierkord H, Shorvon S, Lightman S, Trimble M: Com- 


parison of the effects of frontal and temporal lobe partial 
seizures on prolactin levels, 225 (Mr) 
Melamed E see Achiron A 


- Menken M: 


Cost-containment and the practice of neurology: the conflict 
of canons, 877 (Au) 

Grappling with the enigma of violence: an educational ap- 
proach, 592 (Je) 

Practice guidelines in neurology: will they get us where we 
want to go? 193 (Fe) 

Mennemeier M, Fennell E, Valenstein E, Heilman KM: 
Contributions of the left intralaminar and medial tha- 
lamic nuclei to memory: comparisons and report of a case, 
1050 (Oc) 

Messenheimer JA, Robertson KR, Wilkins JW, Kalkowski 
JC, Hall CD: Event-related potentials in human immu- 
nodeficiency virus infection: a prospective study, 396 (Ap) 

Meyd CJ, Abu-Shakra S, Bleecker ML: Carotid high-low 
flow ratio most accurately predicts significant stenosis, 
864 (Au) 

Mielke R, Herholz K, Grond M, Kessler J, Heiss W-D: 
Severity of vascular dementia is related to volume of 
metabolically impaired tissue, 909 (Se) 

Miller BL see Boone KB 

Miller D see Rudick RA 

Miller JQ: Handbook of Neurological Lists (Book Review) 
1005 (Oc) 

Miller L see Devanand DP 

Minderhoud JM, Mooyaart EL, Kamman RL, Teelken AW, 
Hoogstraten MC, Vencken LM, Gravenmade EJ’s, van 
den Burg W: In vivo phosphorus magnetic resonance 
spectroscopy in multiple sclerosis, 161 (Fe) 

Miner ME see Fletcher JM 

Mirabello E see Dooneief G 

Mishra SK see Graeber MC 

Mithen FA see Bansil S 

Mohr JP see Binder J; Steinke W 

Mohs RC see Welsh KA 

Moll A see Strauss E 

Mondelli M, Rossi A, Scarpini C, Dotti MT, Federico A: 
Evoked potentials in cerebrotendinous xanthomatosis and 
effect induced by chenodeoxycholic acid, 469 (My) 

Monsch AU, Bondi MW, Butters N, Salmon DP, Katzman 
R, Thal LJ: Comparisons of verbal fluency tasks in the 
detection of dementia of the Alzheimer type, 1253 (De) 

Montastruc J-L see Rascol O 

Montoya RM see Ramos-Kuri M 

Moore BD III, Copeland DR, Ried H, Levy B: Neurophys- 
iological basis of cognitive deficits in long-term survivors 
of childhood cancer, 809 (Au) 

Moossy J see Zubenko GS 

Moossy J: Binswanger’s disease and German translations 
(letter) 799 (Au) 

Mooyaart EL see Minderhoud JM 

Morabito A see Landi G 

Morgan R see Beach RS 

Morgan-Hughes JA see Kartsounis LD 

Morris A see Aisen ML 

Morrison JH see Hof PR 

Morrow LA, Steinhauer SR, Hodgson MJ: Delay in P300 
latency in patients with organic solvent exposure, 315 
(Mr) 

Moxley RT see Torres CF 

Muenter MD see Ahlskog JE 

Mun IK see Dooneief G 


1308 Arch Neurol—Vol 49, December 1992 


Murphy DGM, DeCarli C, Schapiro MB, Rapoport SI, 
Horwitz B: Age-related differences in volumes of sub- 
cortical nuclei, brain matter, and cerebrospinal fluid in 
healthy men as measured with magnetic resonance im- 
aging, 839 (Au) 


N 


Nadeau SE see Graeber MC 

Nagasato K see Ichinose K 

Nagataki S see Ichinose K 

Naini A see Sano M 

Nakamura T see Ichinose K 

Nauta JJP see van Kooten B 

Neef C see van Laar T 

Nelson AV see Daruna JH 

Nelson CA, Torres F: P300 in patients with temporal lobe 
lesions (letter) 220 (Mr) 

Niederkorn K see Schmidt R 

Nitsche R see Blass JP 

Nogawa S see Kobari M 

Notter MFD: Culturing Nerve Cells (Book Review) 127 (Fe) 

Noy S see Achiron A 

Nudelman HB see Viswanath NS 

Nutt JG, Woodward WR, Carter JH, Gancher ST: Effect of 
long-term therapy on the pharmacodynamics of levodopa: 
relation to on-off phenomenon, 1123 (No) 


O 


O'Connor MJ see Barry E 

Oertel WH see Gasser T 
Offenbacher H see Schmidt R 
Oger J see Clark CM 

Olesen J see Rasmussen BK 

Olivé C see Pujol J 

Oppenheimer SM see Hachinski VC 
Orazio EN see Landi G 
Ossenkoppele GJ see van Kooten B 


P 


Padilla A see Ramos-Kuri M 

Paffenbarger RS Jr see Sasco AJ 

Pagano MA, Cahn PE, Garau ML, Mangone CA, Figini HA, 
Yorio AA, Dellepiane MC, Amores MG, Perez HM, Ca- 
siré AD: Brain-stem auditory evoked potentials in human 
immunodeficiency virus-seropositive patients with and 
without acquired immunodeficiency syndrome, 166 (Fe) 

Pahl JJ see Grafton ST 

Paige GD: Vertigo: Its Multisensory Syndrome (Book Re- 
view) 1224 (De) 

Panayiotopoulos CP, Chroni E, Daskalopoulos C: Signif- 
icance of F-chronodispersion in the electrodiagnosis of 
Guillain-Barré syndrome and other motor neuropathies 
(letter) 217 (Mr) 

Panisset M see Lopez OL 

Paquier PF, Van Dongen HR, Loonen MCB: Landau- 
Kleffner syndrome or ‘acquired aphasia with convulsive 
disorder’: long-term follow-up of 6 children and a review 
of the recent literature, 354 (Ap) 

Patt RB: Nerve Block for Common Pain (Book Review) 16 
(Ja) 

Paty D see Clark CM 

Paulson G: Parkinson's Disease: A Guide for Patient and 
Family, ed 3 (Book Review) 215 (Mr) 

Paulson OB see Delecluse F 

Payan P see Hughes R 

Payer F see Schmidt R 

Peppard RF, Martin WRW, Carr GD, Grochowski E, Schulz- 
er M, Guttman M, McGeer PL, Phillips AG, Tsui JKC, 
Calne DB: Cerebral glucose metabolism in Parkinson’s 
disease with and without dementia, 1262 (De) 

Perez HM see Pagano MA 

Perl DP see Hof PR 

Perlman KR see Foley FW 

Peterson AR, Giuliani MJ, McHugh M, Shipe CC: Vari- 
ations in dorsomedial hand innervation: electrodiagnos- 
tic implications, 870 (Au) 

Petit-Taboué M-C see Marchal G 

Peyser C see Zweig RM 

Phelps ME see Grafton ST 

Phillips AG see Peppard RF 

Pikus A see Rumsey JM 

Pincus JH see Karstaedt PJ 

Pincus JH: Neurotransmitters and Epilepsy; vol 11, Fron- 
tiers of Clinical Neuroscience (Book Review) 1005 (Oc) 

Pirozzolo F] see Feher EP 

Pittman J see Stern Y 

Pittman J, Andrews H, Tatemichi T, Link B, Struening E, 
Stern Y, Mayeux R: Diagnosis of dementia in a hetero- 
geneous population: comparison of paradigm-based di- 
agnosis and physician's diagnosis, 461 (My) 

Plum F: Breathing is controlled independently by volun- 
tary, emotional, and metabolically related pathways (let- 
ter) 441 (My) 

Pool KD, Finitzo T, Devous MD Sr, Freeman FJ, Watson 
BC: Stutterers and cerebral blood flow (letter) 347 (Ap) 

Post RM see Bromfield EB 

Pras E see Achiron A 

Presley R see Green RC 


ye 


SE OC 6 Pee 9 = = <= 


Price DL see Zweig RM 

Price TR see Steinke W 

Primavera A, Del Sette M: Cardiovascular investigation in 
elderly patients with transient unresponsiveness (letter) 
1112 (No) 

Pruvo JP see Godefroy O 

Pujol J, Junqué C, Vendrell P, Grau JM, Capdevila A: 
Reduction of the substantia nigra width and motor de- 
cline in aging and Parkinson's disease, 1119 (No) 

Pujol J, Junqué C, Vendrell P, Grau JM, Marti-Vilalta JL, 
Olivé C, Gili J: Biological significance of iron-related 
magnetic resonance imaging changes in the brain, 711 (Jy) 

Purves A see Lennox G 


Q 


Quinones MR see Ramirez-Lassepas M 


R 


Radley MG, George ED: Microsurgery of the Cervical Spine 
(Book Review) 1004 (Oc) 

Ramani V see Ritaccio AL 

Ramirez-Lassepas M, Tulloch JW, Quinones MR, Snyder 
BD: Acute radicular pain as a presenting symptom in 
multiple sclerosis, 255 (Mr) 

Rammohan KW see Lynn J 

Ramos-Kuri M, Montoya RM, Padilla A, Govezensky T, 
Diaz ML, Sciutto E, Sotelo J, Larralde C: Immunodiag- 
nosis of neurocysticercosis: disappointing performance 
of serology (enzyme-linked immunosorbent assay) in an 
unbiased sample of neurological patients, 633 (Je) 

Ramsay RE see Honig LS 

Ransohoff RM see Rudick RA 

Ransohoff RM, Estes ML: Astrocyte expression of major 
histocompatibility complex gene products in multiple scle- 
rosis brain tissue obtained by stereotactic biopsy ,48:1244 
(De); correction,49:752 (Jy) 

Rao G see Zubenko GS 

Rapoport A see Mathew NT 

Rapoport JL see Rumsey JM 

Rapoport SI see Murphy DGM 

Rappaport BA see Schroth WS 

Raps EC see Lynch DR 

Rascol A see Rascol O 

Rascol O, Sabatini U, Chollet F, Celsis P, Montastruc J-L, 
Marc-Vergnes J-P, Rascol A: Supplementary and prima- 
ry sensory motor area activity in Parkinson's disease: 
regional cerebral blood flow changes during finger move- 
ments and effects of apomorphine, 144 (Fe) 

Rasmussen BK, Jensen R, Schroll M, Olesen J: Interrela- 
tions between migraine and tension-type headache in the 
general population, 914 (Se) 

Raz N, Torres IJ, Spencer WD, White K, Acker JD: Age- 
related regional differences in cerebellar vermis observed 
in vivo, 412 (Ap) 

Reding MJ see DePippo KL 

Reed TE see Swan GE 

Regard M see Schnider A 

Regli F see Bogousslavsky J 

Reiff DG: Neurology for the Speech-Language Pathologist 
(Book Review) 1006 (Oc) 

Reisberg B see Smith GS 

Revach M see Aharon-Peretz J 

Reynolds CF III see Lopez OL 

Reynolds EH, Bottiglieri T, Laundy M, Crellin RF, Kirker 
SG: Vitamin B metabolism in multiple sclerosis, 649 (Je) 

Reynolds EH, Linnell JC, Faludy JE, Bottiglieri T: Biolog- 
ically significant serum vitamin B,2 deficiency in multiple 
sclerosis inadequately documented (letter) 683 (Jy) 

Rezek D see Lopez OL 

Ricci S, Cusmai R, Fariello G, Fusco L, Vigevano F: Double 
cortex: a neuronal migration anomaly as a possible cause 
of Lennox-Gastaut syndrome, 61 (Ja) 

Richards M see Devanand DP; Marder K 

Ried H see Moore BD III 

Rioux P see Marchal G 

Ritaccio AL, Hickling EJ, Ramani V: Role of dominant 
premotor cortex and grapheme to phoneme transforma- 
tion in reading epilepsy: a neuroanatomic, neurophysi- 
ologic, and neuropsychological study, 933 (Se) 

Rizzo JF III, Cronin-Golomb A, Growdon JH, Corkin S, 
Rosen TJ, Sandberg MA, Chiappa KH, Lessell S: Ret- 
inocalcarine function in Alzheimer’s disease: a clinical 
and electrophysiological study, 93 (Ja) 

Robert ME see Yong WH 

Robertson KR see Messenheimer JA 

Robinson J see Malik S 

Robinson-Whelen S, Storandt M: Immediate and delayed 
prose recall among normal and demented adults, 32 (Ja) 

Rohowsky-Kochan C see Bansil S 

Romagnano MA: Phaseolus vulgaris-Leucoagglutinin Trac- 
ing Technique for the Study of Neuronal Connections 
(Book Review) 1005 (Oc) 

Romero J see Aisen ML 

Roos RAC see Kremer HPH 

Ropper AH see Frank JI 

Ropper AH, Adelman L: Early Guillain-Barré syndrome 
without inflammation, 979 (Se) 

Ropper AH, Cole D, Louis DN: Brain stem viewed in situ 


Author Index 


from above (letter) 1230 (De) 

Rosen GM see Mahowald MW 

Rosen J see Zubenko GS 

Rosen M see Aisen ML 

Rosen TJ see Rizzo JF Ill 

Rosenfield DB see Viswanath NS 

Ross CA see Zweig RM 

Ross JS see Goodkin DE 

Rossi A see Mondelli M 

Rossiter SC see Kilpatrick CJ 

Rousseaux M see Godefroy O 

Rudick RA see Goodkin DE 

Rudick RA: Value of brain magnetic resonance imaging in 
multiple sclerosis, 685 (Jy) 

Rudick RA, Miller D, Clough JD, Gragg LA, Farmer RG: 
Quality of life in multiple sclerosis: comparison with in- 
flammatory bowel disease and rheumatoid arthritis, 1237 
(De) 

Rudick RA, Ransohoff RM: Cytokine secretion by multiple 
sclerosis monocytes: relationship to disease activity, 265 
(Mr) 

Ruitenbeek W see Bernsen PLJA 

Rumsey JM, Andreason P, Zametkin AJ, Aquino T, King 
AC, Hamburger SD, Pikus A, Rapoport JL, Cohen RM: 
Failure to activate the left temporoparietal cortex in dys- 
lexia: an oxygen 15 positron emission tomographic study, 
527 (My) 

Ryan SB see Fischer M 


Sabatini U see Rascol O 

Sacco RL see Steinke W 

Sahgal A, Galloway PH, McKeith IG, Lloyd S, Cook JH, 
Ferrier IN, Edwardson JA: Matching-to-sample deficits 
in patients with senile dementias of the Alzheimer and 
Lewy body types, 1043 (Oc) 

Salmon DP see Monsch AU 

Sandberg MA see Rizzo JF III 

Sander JWAS see Manford M 

Sanders E see Hughes R 

Sandor T, Jolesz F, Tieman J, Kikinis R, Jones K, Albert 
M: Comparative analysis of computed tomographic and 
magnetic resonance imaging scans in Alzheimer patients 
and controls, 381 (Ap) 

Sandroni P, Walker C, Starr A: ‘Fatigue’ in patients with 
multiple sclerosis: motor pathway conduction and event- 
related potentials, 517 (My) 

Sano M see Marder K; Stern Y 

Sano M, Bell K, Cote L, Dooneief G, Lawton A, Legler L, 
Marder K, Naini A, Stern Y, Mayeux R: Double-blind 
parallel design pilot study of acetyl levocarnitine in pa- 
tients with Alzheimer’s disease, 1137 (No) 

Saper J see Mathew NT 

Sarova-Pinhas I see Achiron A 

Sasco AJ, Paffenbarger RS Jr, Gendre I, Wing AL: Role of 
physical exercise in the occurrence of Parkinson’s disease, 
360 (Ap) 

Savall R, Cabré M, Grifol M: Neurosyphilis and human 
immunodeficiency virus type 2 infection (letter) 440 (My) 

Scarpini C see Mondelli M 

Schapiro MB see Murphy DGM 

Scharpe S see Van Hoof F 

Scheinberg LC see Foley FW 

Scheltens P see Godefroy O 

Schenck CH see Mahowald MW 

Schimsheimer R-] see van Donselaar CA 

Schmahmann JD: Neuropsychology of the cerebellum: an 
emerging concept (letter) 1230 (De) 

Schmahmann JD, Leifer D: Parietal pseudothalamic pain 
syndrome: clinical features and anatomic correlates, 1032 
(Oc) i 

Schmidt R, Fazekas F, Kleinert G, Offenbacher H, Gindl 
K, Payer F, Freidl W, Niederkorn K, Lechner H: Mag- 
netic resonance imaging signal hyperintensities in the 
deep and subcortical white matter: a comparative study 
between stroke patients and normal volunteers, 825 (Au) 

Schnider A, Landis T, Regard M, Benson DF: Dissociation 
of color from object in amnesia, 982 (Se) 

Schoene WC see Juneau P 

Schoenfeld D see Hauser SL 

Schonfeld SA see Stern BJ 

Schroll M see Rasmussen BK 

Schroth WS, Tenner SM, Rappaport BA, Mani R: Multiple 
sclerosis as a cause of atrial fibrillation and electrocar- 
diographic changes, 422 (Ap) 

Schulzer M see Peppard RF 

Schutta HS: Cerebral Sinus Thrombosis: Experimental and 
Clinical Aspects (Book Review) 342 (Ap) 

Schwartz BS see Bolla KI 

Schwartzman RJ: Autonomic Nervous System: An Intro- 
duction to Basic and Clinical Concepts, ed 4 (Book Re- 
view) 341 (Ap) 

Schwarz J see Gasser T 

Sciutto E see Ramos-Kuri M 

Scott P see Stern BJ 

Secor DL see Yong WH 

Sette G see Marchal G 

Sewell C see Stern BJ 

Shahani B see Hauser SL 


Arch Neurol—Vol 49, December 1992 


Sheftell F see Mathew NT 

Sheremata WA see Honig LS 

Sheremata WA, Berger JR, Harrington WJ Jr, Ayyar DR, 
Stafford M, DeFreitas E: Human T lymphotropic virus 
type I-associated myelopathy: a report of 10 patients born 
in the United States, 1113 (No) 

Shibayama K see Ichinose K 

Shih VE see Hauser SL 

Shinnar S see Chu ML 

Shinohara T see Kobari M 

Shipe CC see Peterson AR 

Shor-Posner G see Beach RS 

Shorvon S see Meierkord H 

Shorvon SD see Manford M 

Siddique T see DeLong R 

Sila CA see Malik S 

Silberstein S see Mathew NT 

Silberstein SD, Marcelis J: Idiopathic intracranial hyper- 
tension without papilledema: related to sleep apnea? (let- 
ter) 14 (Ja) 

Sillevis Smitt PAE, van Beek H, Baars A-J, Troost D, Lou- 
werse ES, Krops-Hermus ACM, de Wolff FA, de Jong 
JMBV: Increased metallothionein in the liver and kidney 
of patients with amyotrophic lateral sclerosis, 721 (Jy) 

Sims J see Feher EP 

Singer C: ‘Haw River Syndrome’ or dentato-rubro-pallido- 
luysian atrophy? (letter) 13 (Ja) 

Singh A see Zweig RM 

Singhal BS see Bansil S 

Smith CR see Foley FW 

Smith DS see LaBarge E 

Smith GS, de Leon MJ, George AE, Kluger A, Volkow ND, 
McRae T, Golomb J, Ferris SH, Reisberg B, Ciaravino J, 
La Regina ME: Topography of cross-sectional and lon- 
gitudinal glucose metabolic deficits in Alzheimer’s dis- 
ease: pathophysiologic implications, 1142 (No) 

Smith KE see Hachinski VC 

Smith R: Headache Book (Book Review) 213 (Mr) 

Smyth KA see Chatterjee A 

Snyder BD see Ramirez-Lassepas M 

Solomon S see Mathew NT 

Sorrell S see Marder K 

Sotelo J see Del Brutto OH; Ramos-Kuri M 

Spector D see Bolla KI 

Spencer WD see Raz N 

St George-Hyslop P see Grafton ST 

Stafford M see Sheremata WA 

Starr A see Sandroni P; Zhu Y 

Steiner I see Averbuch-Heller L 

Steinhauer SR see Morrow LA 

Steinke W, Sacco RL, Mohr JP, Foulkes MA, Tatemichi TK, 
Wolf PA, Price TR, Hier DB: Thalamic stroke: presenta- 
tion and prognosis of infarcts and hemorrhages, 703 (Jy) 

Stenager E see Stenager EN 

Stenager EN, Stenager E: Suicide and patients with neu- 
rologic diseases: methodologic problems, 1296 (De) 

Stern BJ, Schonfeld SA, Sewell C, Krumholz A, Scott P, 
Belendiuk G: Treatment of neurosarcoidosis with cy- 
closporine, 1065 (Oc) 

Stern Y see Devanand DP; Dooneief G; Marder K; Mayeux 
R; Pittman J; Sano M 

Stern Y, Andrews H, Pittman J, Sano M, Tatemichi T, 
Lantigua R, Mayeux R: Diagnosis of dementia in a het- 
erogeneous population: development of a neuropsycho- 
logical paradigm-based diagnosis of dementia and quan- 
tified correction for the effects of education, 453 (My) 

Stevens M see Wijdicks EFM 

Stevens PM see Ahlskog JE 

Stewart WF see Linet MS 

Storandt M see Hill RD; LaBarge E; Robinson-Whelen S 

Stover DE see Henson JW 

Strauss E, Wada J, Moll A: Depression in male and female 
subjects with complex partial seizures, 391 (Ap) 

Strauss ME see Chatterjee A 

Struening E see Pittman J 

Su SH see Zhu Y 

Sugar AM see McQuillen DP 

Sumida R see Hoffman JM 

Sussman NM see Barry E 

Swan GE, LaRue A, Carmelli D, Reed TE, Fabsitz RR: 
Decline in cognitive performance in aging twins: herita- 
bility and biobehavioral predictors from the National 
Heart, Lung, and Blood Institute Twin study, 476 (My) 

Swanson RA see Halt PS 


T 


Takahashi K see Kobari M 

Takayanagui OM, Jardim E: Therapy for neurocysticerco- 
sis: comparison between albendazole and praziquantel, 
290 (Mr) 

Tallal P see Hagman JO 

Tan WF see Vanneste J 

Tang M-X see Marder K; Mayeux R 

Tatemichi T see Pittman J; Stern Y 

Tatemichi TK see Steinke W 

Teelken AW see Minderhoud JM 

Teman AJ: Spinal epidural abscess: early detection with 
gadolinium magnetic resonance imaging, 743 (Jy) 

Tenner SM see Schroth WS 


ter Bruggen JP see Verhagen WIM 

ter Laak HJ see Bernsen PLJA 

Thal LJ see Gulevich SJ; Monsch AU 

Theodore WH see Bromfield EB 

Thompson NM see Fletcher JM 

Thornton CA, Houston S, Latif AS: Neurocysticercosis and 
human immunodeficiency virus infection: a possible as- 
sociation, 963 (Se) 

Tieman J see Sandor T 

Todak G see Dooneief G; Marder K 

Toro C see Dhuna A 

Torres CF, Moxley RT: Early predictors of poor outcome in 
congenital fiber-type disproportion myopathy, 855 (Au) 

Torres F see Dhuna A; Nelson CA 

Torres IJ see Raz N 

Traugott U see Foley FW 

Travére J-M see Marchal G 

Trenkwalder C see Gasser T 

Trillet M see Confavreux C 

Trimble M see Meierkord H 

Troost D see Sillevis Smitt PAE 

Troung DD see Kartsounis LD 

Tsui JKC see Peppard RF 

Tsujihata M see Ichinose K 

Tulloch JW see Ramirez-Lassepas M 

Tupler LA, Coffey CE, Logue PE, Djang WT, Fagan SM: 
Neuropsychological importance of subcortical white mat- 
ter hyperintensity, 1248 (De) 

Turkstra LS: Clinical decision making in severe brain injury 
(letter) 349 (Ap) 

U 


US Sumatriptan Research Group see Mathew NT 
V 


Valenstein E see Mennemeier M 

van Beek H see Sillevis Smitt PAE 

van den Burg W see Minderhoud JM 

van Diemen HAM see van Kooten B 

Van Dongen HR see Paquier PF 

van Donselaar CA, Schimsheimer R-J, Geerts AT, 
Declerck AC: Value of the electroencephalogram in adult 
patients with untreated idiopathic first seizures, 231 (Mr) 

Van Hoof F, Den Tandt W, Scharpe S: Wilson's disease: 
hypothesis of a deficiency of copper excretion via the 
endosome to the bile (letter) 800 (Au) 

van Kooten B, van Diemen HAM, Groenhout KM, Huij- 
gens PC, Ossenkoppele GJ, Nauta JJP, Heimans JJ: Pilot 
study on the influence of a corticotropin (4-9) analogue on 
Vinca-alkaloid induced neuropathy, 1027 (Oc) 

van Laar T, Jansen ENH, Essink AWG, Neef C: Intranasal 
apomorphine in Parkinsonian on-off fluctuations, 482 (My) 

Van Tuyl L see Green RC 

Van Zandycke M see Vanooteghem P 

Vanneste J, Augustijn P, Davies GAG, Dirven C, Tan WF: 
Normal-pressure hydrocephalus: is cisternography still 
useful in selecting patients for a shunt? 366 (Ap) 

Vanooteghem P, Dehaene I, Van Zandycke M, Casselman 
J: Combined trochlear nerve palsy and internuclear oph- 
thalmoplegia, 108 (Ja) 

Vellet AD see Gasecki AP 

Vencken LM see Minderhoud JM 

Vendrell P see Pujol J 

Verhagen WIM, ter Bruggen JP, Huygen PLM: Oculomo- 
tor, auditory, and vestibular responses in myotonic dys- 
trophy, 954 (Se) 

Vestermark S see Delecluse F 

Victor JD see Maiese K 

Vigevano F see Ricci S 

Vignolo LA see Capra R 

Viitanen M see Fratiglioni L 

Vinters HV see Yong WH 

Viswanath NS, Rosenfield DB, Nudelman HB: Stutterers 
and cerebral blood flow (letter) 346 (Ap) 

Vogel FS see Farmer TW 

Volkow ND see Smith GS 

Vos K see Kuiper H 

Ww 


Wada J see Strauss E 

Wagle WA: 

Magnetic Resonance Imaging of the Pediatric Brain: An 
Anatomical Atlas (Book Review) 213 (Mr) 

Modern Neuroradiology, vol 4, Radiology of the Eye and 
Orbit (Book Review) 215 (Mr) 

Raven MRI Teaching File: MRI of the Brain III: Neoplastic 
Disease (Book Review) 1004 (Oc) 

Wahlund L-O see Almkvist O 

Waldemar G see Delecluse F 

Walker C see Sandroni P 

Walker RW see Henson JW; Maiese K 

Walshe JM: Thiomolybdates in the treatment of Wilson's 
disease (letter) 132 (Fe) 

Wang PP, Doherty S, Hesselink JR, Bellugi U: Callosal 
morphology concurs with neurobehavioral and neuro- 
pathological findings in 2 neurodevelopmental disorders, 
407 (Ap) 

Watson BC see Pool KD 

Watts C: Visual evoked potentials and intracranial pressure 
(letter) 1111 (No) 

Weinberger DR see Hyde TM 

Welch K see Mathew NT 


Author Index 1309 


i 
noir 4 Da 





A 
| 
j 
' 
j 
} 


. 
tia oi k 


Weller M, Kornhuber J: N-methyl-D-aspartate antagonists, 
schizophrenia, and neuroleptic malignant syndrome (let- 
ter) 900 (Se) 

Welsh KA, Butters N, Hughes JP, Mohs RC, Heyman A: 
Detection and staging of dementia in Alzheimer’s dis- 
ease: use of the neuropsychological measures developed 
for the consortium to establish a registry for Alzheimer’s 
disease, 448 (My) 

Wess J see Lopez OL 

Westmoreland BF, Key JD: Meaning of Sherlock Holmes 
(letter) 350 (Ap) 

White K see Raz N 

Whitehouse PJ see Chatterjee A 

Wieler L see Bolla KI 

Wijdicks EFM, Stevens M: Role of hypotension in septic 
encephalopathy following surgical procedures, 653 (Je) 

Wilkie F see Beach RS 

Wilkins JW see Messenheimer JA 

Williams JBW see Marder K 

Wilson JX see Hachinski VC 

Wilterdink JL, Easton JD: Vascular event rates in patients 


with atherosclerotic cerebrovascular disease, 857 (Au) 
Winblad B see Fratiglioni L 
Wing AL see Sasco AJ 
Wolf PA see Steinke W 
Wood F see Hagman JO 
Woodward KG see Zhu Y 
Woodward WR see Nutt JG 


¥ 


Yong WH, Robert ME, Secor DL, Kleikamp TJ, Vinters 
HV: Cerebral hemorrhage with biopsy-proved amyloid 
angiopathy. 51 (Ja) 

Yorio AA see Pagano MA 

Young RR, Benson DF: Where is the lesion in allochiria? 
(letter) 348 (Ap) 

Youngner SJ: Defining death: a superficial and fragile con- 
sensus, 570 (My) 


Zametkin AJ see Rumsey JM 
Zhu Y, Starr A, Su SH, Woodward KG, Haldeman S: 


SUBJECT INDEX TO VOLUME 49 


H-reflex to magnetic stimulation of lower-limb nerves, 66 
(Ja) 

Ziegler DK see Linet MS 

Ziegler DK: 

Drug Therapy for Headache (Book Review) 680 (Jy) 

Headache Relief (Book Review) 126 (Fe) 

Migraine and Other Headaches: The Vascular Mechanisms 
(Book Review) 1110 (No) 

Ziegler JC see Hyde TM 

Ziv I see Achiron A 

Zubenko GS, Moossy J, Martinez AJ, Rao G, Claassen 
D, Rosen J, Kopp U: Neuropathologic and neuro- 
chemical correlates of psychosis in primary dementia, 
48:619 (Je); correction, 49:1064 (Oc) 

Zuñiga G see Frank JI 

Zweig RM, Ross CA, Hedreen JC, Peyser C, Cardillo JE, 
Folstein SE, Price DL: Locus coeruleus involvement in 
Huntington's disease, 152 (Fe) 

Zweig RM, Singh A, Cardillo JE, Langston JW: Familial 
occurrence of Parkinson's disease: lack of evidence for 
maternal inheritance, 1205 (No) 


The following index is an alphabetical list of significant subjects presented in this volume. Books reviewed 
are listed alphabetically by first author under the heading “BOOK REVIEWS.” The month is given as a two 


letter notation in parentheses. 


A 


Abnormalities 

Significance of F-chronodispersion in the electrodiagnosis 
of Guillain-Barré syndrome and other motor neuropa- 
thies (letter) [Panayiotopoulos] 217 (Mr) 

Abscess 

Spinal epidural abscess: early detection with gadolinium 
magnetic resonance imaging [Teman] 743 (Jy) 

Accidents 

Grappling with the enigma of violence: an educational ap- 
proach [Menken] 592 (Je) 

Acetic Acids 

Magnetic resonance imaging lesion enlargement in multi- 
ple sclerosis: disease-related activity, chance occurrence, 
or measurement artifact? [Goodkin] 261 (Mr) 

Acetyl Carnitine see Acetylcarnitine 

Acetylcarnitine 

Double-blind parallel design pilot study of acetyl levocar- 
nitine in patients with Alzheimer’s disease [Sano] 1137 
(No) 

Acetylcholine 

Increased sympathetic and decreased parasympathetic car- 
diacinnervation in patients with Alzheimer’s disease [Aha- 
ron-Peretz] 919 (Se) 

Pathogenesis of Tourette’s syndrome: possible role for hor- 
monal and excitatory neurotransmitter influences in brain 
development [Kurlan] 874 (Au) 

Acetylcholine Receptors see Receptors, Cholinergic 

Acetylcholinesterase 

Increased sympathetic and decreased parasympathetic car- 
diac innervation in patients with Alzheimer’s disease [Aha- 
ron-Peretz] 919 (Se) 

Acid Rain 

Neurocognitive effects of aluminum [Bolla] 1021 (Oc) 

Acidosis, Lactic 

Alcohol exacerbates behavioral and neurochemical effects 
of rat spinal cord trauma [Halt] 1178 (No) 

Acoustic Evoked Brain Stem Potentials see Evoked Poten- 
tials, Auditory, Brain Stem 

Acoustic Impedance Tests 

Oculomotor, auditory, and vestibular responses in myo- 
tonic dystrophy [Verhagen] 954 (Se) 

Acquired Immunodeficiency Syndrome 

Brain-stem auditory evoked potentials in human immun- 
odeficiency virus-seropositive patients with and without 
acquired immunodeficiency syndrome [Pagano] 166 (Fe) 

Event-related potentials in human immunodeficiency virus 
infection: a prospective study [Messenheimer] 396 (Ap) 

Neurocysticercosis and human immunodeficiency virus in- 
fection: a possible association [Thornton] 963 (Se) 

Neurologic and neuropsychological manifestations of hu- 
man immunodeficiency virus infection in intravenous 
drug users without acquired immunodeficiency syndrome: 
relationship to head injury [Marder] 1169 (No) 

Plasma vitamin By level as a potential cofactor in studies of 
human immunodeficiency virus type 1-related cognitive 
changes [Beach] 501 (My) 

Progressive nemaline (rod) myopathy as a presentation of 
human immunodeficiency virus infection (letter) 
[Dwyer] 440 (My) 

Sensory testing in human immunodeficiency virus type 
1-infected men [Gulevich] 1281 (De) 

Actuarial Analysis 

Diagnosis of dementia in a heterogeneous population: com- 
parison of paradigm-based diagnosis and physician's di- 
agnosis [Pittman] 461 (My) 

Adenoma 

Malignant tumors in the pituitary gland [Juneau] 555 (My) 
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Adolescence 

Callosal morphology concurs with neurobehavioral and 
neuropathological findings in 2 neurodevelopmental dis- 
orders [Wang] 407 (Ap) 

Grappling with the enigma of violence: an educational ap- 
proach [Menken] 592 (Je) 

Headaches preceded by visual aura among adolescents and 
young adults: a population-based survey [Linet] 512 (My) 

Adrenal Cortex Hormones 

Landau-Kleffner syndrome: an eponymic badge of igno- 
rance [Landau] 353 (Ap) 

Landau-Kleffner syndrome or ‘acquired aphasia with con- 
vulsive disorder’: long-term follow-up of 6 children and 
a review cf the recent literature [Paquier] 354 (Ap) 

Pneumocystis carinii pneumonia associated with solid ec- 
topic corticotropin-producing tumors (letter) [McQuillen] 
(reply) [Henson] 1012 (Oc) 

Treatment of neurosarcoidosis with cyclosporine [Stern] 
1065 (Oc) 

Adrenocorticotropic Hormone 

Pilot study on the influence of a corticotropin (4-9) analogue 
on Vinca-dlkaloid induced neuropathy [van Kooten] 1027 
(Oc) 

Adrenoleukodystrophy 

Landau-Kletfner syndrome: an eponymic badge of igno- 
rance [Landau] 353 (Ap) 

Affective Disorders 

Cerebral metabolism and depression in patients with com- 
plex partial seizures [Bromfield] 617 (Je); correction, 976 
(Se) 

Delay in P300 latency in patients with organic solvent ex- 
posure [Morrow] 315 (Mr) 

Age Factors 

Age-related differences in volumes of subcortical nuclei, 
brain matter, and cerebrospinal fluid in healthy men as 
measured with magnetic resonance imaging [Murphy] 
839 (Au) 

Age-related regional differences in cerebellar vermis ob- 
served in vivo [Raz] 412 (Ap) 

Diagnosis of dementia in a heterogeneous population: com- 
parison of paradigm-based diagnosis and physician's di- 
agnosis [Pittman] 461 (My) 

Headaches preceded by visual aura among adolescents and 
young adults: a population-based survey [Linet] 512 (My) 

Neuropsychiatric correlates of cerebral white-matter radi- 
olucencies in probable Alzheimer’s disease [Lopez] 828 
(Au) 

Population-based investigation of Parkinson's disease with 
and without dementia: relationship to age and gender 
[Mayeux) 492 (My) 

Transient unresponsiveness in the elderly: report of 5 cases 
[Haimovic] 35 (Ja) 

Age-Sex Distribution see Age Factors 

Aged 

Neuropsychological correlates of white-matter lesions in 
healthy elderly subjects: a threshold effect [Boone] 549 
(My) 

Neuropsychological importance of subcortical white matter 
hyperintensity [Tupler] 1248 (De) 

Aggression 

Make my Gay [Joynt] 591 (Je) Violence: the neurologic con- 
tributior: an overview [Elliott] 595 (Je) 

Aging 

Decline in cognitive performance in aging twins: heritabil- 
ity and biobehavioral predictors from the National Heart, 
Lung, and Blood Institute Twin study [Swan] 476 (My) 

Diagnosis of dementia in a heterogeneous population: com- 
parison of paradigm-based diagnosis and physician’s di- 
agnosis [Pittman] 461 (My) 


Reduction of the substantia nigra width and motor decline 
in aging and Parkinson’s disease [Pujol] 1119 (No) 

Regional cerebral oxygen consumption, blood flow, and blood 
volume in healthy human aging [Marchal] 1013 (Oc) 

White-matter hyperintensity and neuropsychological func- 
tions in dementia and healthy aging [Almkvist] 626 (Je) 

Agnosia 

Dissociation of color from object in amnesia [Schnider] 982 
(Se) 

Progressive amusia and aprosody [Confavreux] 971 (Se) 

Where is the lesion in allochiria? (letter) [Young] 348 (Ap) 

Agraphia 

Agraphia in dementia of the Alzheimer type [LaBarge] 1151 
(No) Lesion localization in apractic agraphia [Alexander] 
246 (Mr) 

AIDS Dementia Complex 

Detection and staging of dementia in Alzheimer’s disease: 
use of the neuropsychological measures developed for 
the consortium to establish a registry for Alzheimer’s 
disease [Welsh] 448 (My) 

Event-related potentials in human immunodeficiency virus 
infection: a prospective study [Messenheimer] 396 (Ap) 

AIDS Encephalopathy see AIDS Dementia Complex 

AIDS-Related Complex 

Event-related potentials in human immunodeficiency virus 
infection: a prospective study [Messenheimer] 396 (Ap) 

Sensory testing in human immunodeficiency virus type 
1-infected men [Gulevich] 1281 (De) 

AIDS Seroconversion see HIV Seropositivity 

Airway Obstruction 

Validation of the 3-0z water swallow test for aspiration 
following stroke [DePippo] 1259 (De) 

Albendazole 

Albendazole therapy for giant subarachnoid cysticerci [Del 
Brutto] 535 (My) 

Therapy for neurocysticercosis: comparison between al- 
bendazole and praziquantel [Takayanagui] 290 (Mr) 

Alcohol Abuse see Alcoholism 

Alcohol Amnestic Disorder 

Contributions of the left intralaminar and medial thalamic 
nuclei to memory: comparisons and report of a case [Men- 
nemeier] 1050 (Oc) 

Gist recall in multiple sclerosis [Goldstein] 1060 (Oc) 

Alcoholic Intoxication 

Alcohol exacerbates behavioral and neurochemical effects 
of rat spinal cord trauma [Halt] 1178 (No) 

Alcoholism 

Peripheral mechanical loading and the mechanism of the 
tremor of chronic alcoholism [Aisen] 740 (Jy) 

Allochiria 

Where is the lesion in allochiria? (letter) [Young] 348 (Ap) 

Aluminum 

Increased metallothionein in the liver and kidney of pa- 
tients with amyotrophic lateral sclerosis [Sillevis Smitt] 
721 (Jy) 

Neurocognitive effects of aluminum [Bolla] 1021 (Oc) 

Alzheimer’s Disease 

Agraphia in dementia of the Alzheimer type [LaBarge] 1151 
(No) 

Asymmetric cortical degeneration syndromes: a proposed 
clinical classification [Caselli] 770 (Jy) 

Cerebral hemorrhage with biopsy-proved amyloid angiop- 
athy [Yong] 51 (Ja) 

Clinical diagnosis of Alzheimer’s disease and other demen- 
tias in a population survey: agreement and causes of 
disagreement in applying Diagnostic and Statistical Man- 
ual of Mental Disorders, revised third edition, criteria 
[Fratiglioni] 927 (Se) 

Columbia University Scale for psychopathology in Alzhe- 
imer’s disease [Devanand] 371 (Ap) 


Subject Index 
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Comparative analysis of computed tomographic and mag- 
netic resonance imaging scans in Alzheimer patients and 
controls [Sandor] 381 (Ap) 

Comparisons of verbal fluency tasks in the detection of 
dementia of the Alzheimer type [Monsch] 1253 (De) 
Decline in cognitive performance in aging twins: heritabil- 
ity and biobehavioral predictors from the National Heart, 
Lung, and Blood Institute Twin study [Swan] 476 (My) 

Detection and staging of dementia in Alzheimer’s disease: 
use of the neuropsychological measures developed for 
the consortium to establish a registry for Alzheimer’s 
disease [Welsh] 448 (My) 

Double-blind parallel design pilot study of acetyl levocar- 
nitine in patients with Alzheimer’s disease [Sano] 1137 
(No) 

Evaluation of cerebral biopsies for the diagnosis of demen- 
tia [Hulette] 28 (Ja) 

Event-related potential P300 in multiple sclerosis: relation 
to magnetic resonance imaging and cognitive impair- 
ment [Honig] 44 (Ja) 

Evidence for early vulnerability of the medial and inferior 
aspects of the temporal lobe in an 82-year-old patient with 
preclinical signs of dementia: regional and laminar dis- 
tribution of neurofibrillary tangles and senile plaques 
[Hof] 946 (Se) 

Gist recall in multiple sclerosis [Goldstein] 1060 (Oc) 

Immediate and delayed prose recall among normal and 
demented adults [Robinson-Whelen] 32 (Ja) 

In vivo phosphorus magnetic resonance spectroscopy in 
multiple sclerosis [Minderhoud] 161 (Fe) 

Increased sympathetic and decreased parasympathetic car- 
diac innervation in patients with Alzheimer’s disease [ Aha- 
ron-Peretz] 919 (Se) 

Matching-to-sample deficits in patients with senile demen- 
tias of the Alzheimer and Lewy body types [Sahgal] 1043 
(Oc) 

Neurocognitive effects of aluminum [Bolla] 1021 (Oc) 

Neurologic signs in Alzheimer’s disease: results of a pro- 
spective clinical and neuropathologic study [Forstl] 1038 
(Oc) 

Neuropathologic and neurochemical correlates of psycho- 
sis in primary dementia [Zubenko] 48:619 (Je); correction, 
49:1064 (Oc) 

Neuropsychiatric correlates of cerebral white-matter radi- 
olucencies in probable Alzheimer’s disease [Lopez] 828 
(Au) 

Personality changes in Alzheimer’s disease [B6zzola] 297 
(Mr), 486 (My) 

Psychometric discrimination of moderate senile dementia 
of the Alzheimer type [Hill] 377 (Ap) 

Retinocalcarine function in Alzheimer’s disease: a clinical 
and electrophysiological study [Rizzo] 93 (Ja) 

Severity of vascular dementia is related to volume of met- 
abolically impaired tissue [Mielke] 909 (Se) 

Topography of cross-sectional and longitudinal glucose met- 
abolic deficits in Alzheimer’s disease: pathophysiologic 
implications [Smith] 1142 (No) 

Treatment trial of oxiracetam in Alzheimer’s disease [Green] 
1135 (No) 

White-matter hyperintensity and neuropsychological func- 
tions in dementia and healthy aging [Almkvist] 626 (Je) 

American Academy of Neurology 

Clinical decision making in severe brain injury (letter) [Turk- 
stra] 349 (Ap) 

American Psychiatric Association 

Clinical diagnosis of Alzheimer’s disease and other demen- 
tias in a population survey: agreement and causes of 
disagreement in applying Diagnostic and Statistical Man- 
ual of Mental Disorders, revised third edition, criteria 
[Fratiglioni] 927 (Se) 

Amines 

Neuropathologic and neurochemical correlates of psycho- 
sis in primary dementia [Zubenko] 48:619 (Je); correction, 
49:1064 (Oc) 

Amino Acids 

Alcohol exacerbates behavioral and neurochemical effects 
of rat spinal cord trauma [Halt] 1178 (No) 

Pathogenesis of Tourette’s syndrome: possible role for hor- 
monal and excitatory neurotransmitter influences in brain 
development [Kurlan] 874 (Au) 

Protein redistribution diet remains effective in patients with 
fluctuating Parkinsonism [Karstaedt] 149 (Fe) 

Role of hypotension in septic encephalopathy following 
surgical procedures [Wijdicks] 653 (Je) 

Amnesia 

Contributions of the left intralaminar and medial thalamic 
nuclei to memory: comparisons and report of a case [Men- 
nemeier] 1050 (Oc) 

Dissociation of color from object in amnesia [Schnider] 982 
(Se) 

Role of a sleep disorder center in evaluating sleep violence 
[Mahowald] 604 (Je) 

Technetium-99m HM-PAO single photon emission com- 
puted tomography imaging in transient global amnesia 
[Laloux] 543 (My) 

Amyloid 

Cerebral hemorrhage with biopsy-proved amyloid angiop- 
athy [Yong] 51 (Ja) 

Evidence for early vulnerability of the medial and inferior 
aspects of the temporal lobe in an 82-year-old patient with 
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preclinical signs of dementia: regional and laminar dis- 
tribution of neurofibrillary tangles and senile plaques 
[Hof] 946 (Se) 

Amyloidosis 

Cerebral hemorrhage with biopsy-proved amyloid angiop- 
athy [Yong] 51 (Ja) 

Amyotrophic Lateral Sclerosis 

Cerebral glucose utilization in motor neuron disease [Hoff- 
man] 849 (Au) 

Increased metallothionein in the liver and kidney of pa- 
tients with amyotrophic lateral sclerosis [Sillevis Smitt] 
721 Jy) 

Mortality from motor neuron disease in the province of 
Bologna, Italy, 1986 through 1988 [Ferro] 661 (Je) 

Neurocognitive effects of aluminum [Bolla] 1021 (Oc) 

Analysis of Variance 

Brain-stem auditory evoked potentials in human immun- 
odeficiency virus-seropositive patients with and without 
acquired immunodeficiency syndrome [Pagano] 166 (Fe) 

Diagnosis of dementia in a heterogeneous population: com- 
parison of paradigm-based diagnosis and physician's di- 
agnosis [Pittman] 461 (My) 

Effect of long-term therapy on the pharmacodynamics of 
levodopa: relation to on-off phenomenon [Nutt] 1123 (No) 

Methodologic considerations in neuropsychologic testing of 
ataxic patients (letter) [Lalonde] (reply) [Berent] 218 (Mr) 

Neurologic and neuropsychological manifestations of hu- 
man immunodeficiency virus infection in intravenous 
drug users without acquired immunodeficiency syndrome: 
relationship to head injury [Marder] 1169 (No) 

Neurophysiological basis of cognitive deficits in long-term 
survivors of childhood cancer [Moore] 809 (Au) 

Personality changes in Alzheimer’s disease [B6zzola] 297 
(Mr) 

Androgens 

Pathogenesis of Tourette’s syndrome: possible role for hor- 
monal and excitatory neurotransmitter influences in brain 
development [Kurlan] 874 (Au) 

Testosterone, free testosterone, non-sex hormone-binding 
globulin-bound testosterone, and free androgen index: 
which testosterone measurement is most relevant to re- 
productive and sexual function in men with epilepsy? 
(letter) [Herzog] 133, (reply) [Isojarvi] 134 (Fe) 

Anemia 

Vitamin Bız metabolism in multiple sclerosis [Reynolds] 649 
(Je) 

Anemia, Hemolytic, Autoimmune 

Open controlled therapeutic trial of intravenous immune 
globulin in relapsing-remitting multiple sclerosis [Achi- 
ron] 1233 (De) 

Angiography 

Risk factors for the neurologic complications associated with 
aortic aneurysms [Lynch] 284 (Mr) 

Angioma see Hemangioma 

Anode see Electrodes 

Anomia 

Dissociation of color from object in amnesia [Schnider] 982 
(Se) 

ANOVA see Analysis of Variance 

Anoxia 

Clinical decision making in severe brain injury (letter) [Turk- 
stra] 349 (Ap) 

Do NMDA antagonists prevent neuronal injury? yes [Al- 
bers] 418; no [Buchan] 420; NMDA antagonist protection 
from neuronal injury [Hachinski] 421 (Ap) 

Role of hypotension in septic encephalopathy following 
surgical procedures [Wijdicks] 653 (Je) 

Anterior Horn Cells 

Cerebral glucose utilization in motor neuron disease [Hoff- 
man] 849 (Au) 

Mortality from motor neuron disease in the province of 
Bologna, Italy, 1986 through 1988 [Ferro] 661 (Je) 

Anterior Hypothalamic Area see Hypothalamic Area, An- 
terior 

Antibodies, Monoclonal 

Prospective study of depression and immune dysregulation 
in multiple sclerosis [Foley] 238 (Mr) 

Anticonvulsants 

Albendazole therapy for giant subarachnoid cysticerci [Del 
Brutto] 535 (My) 

Early seizures after acute stroke: risk of late seizures [Kil- 
patrick] 509 (My) 

Frontal lobe dysfunction in unilateral lenticulostriate inf- 
arcts: prominent role of cortical lesions [Godefroy] 1285 
(De) 

Landau-Kleffner syndrome: an eponymic badge of igno- 
rance [Landau] 353 (Ap) 

Landau-Kleffner syndrome or ‘acquired aphasia with con- 
vulsive disorder’; long-term follow-up of 6 children and 
a review of the recent literature [Paquier] 354 (Ap) 

Testosterone, free testosterone, non-sex hormone-binding 
globulin-bound testosterone, and free androgen index: 
which testosterone measurement is most relevant to re- 
productive and sexual function in men with epilepsy? 
(letter) [Herzog] 133, (reply) [Isojarvi] 134 (Fe) 

Value of the electroencephalogram in adult patients with 
untreated idiopathic first seizures [van Donselaar] 231 (Mr) 

Antidepressants see Antidepressive Agents 

Antidepressive Agents 

Selegiline and manic behavior in Parkinson’s disease (letter) 


[Kurlan] 1231 (De) 

Antiepileptic Agents see Anticonvulsants 

Antigens, Immune Response see Histocompatibility An- 
tigens Class II 

Antiparasitic Agents 

Albendazole therapy for giant subarachnoid cysticerci [Del 
Brutto] 535 (My) 

Antiparkinson Agents 

Dopamine agonist treatment of fluctuating Parkinsonism: 
D-2 (controlled-release MK-458) vs combined D-1 and 
D-2 (pergolide) [Ahlskog] 560 (My) 

Antisocial Personality Disorder 

Violence: the neurologic contribution: an overview [Elliott] 
595 (Je) 

Aortic Aneurysm 

Risk factors for the neurologic complications associated with 
aortic aneurysms [Lynch] 284 (Mr) 

Aortic Diseases 

Risk factors for the neurologic complications associated with 
aortic aneurysms [Lynch] 284 (Mr) 

Aortocoronary Bypass see Coronary Artery Bypass 

Aphasia 

Agraphia in dementia of the Alzheimer type [LaBarge] 1151 
(No) 

Asymmetric cortical degeneration syndromes: a proposed 
clinical classification [Caselli] 770 (Jy) 

Gerstmann’s syndrome [Benton] 445 (My) 

Lesion localization in apractic agraphia [Alexander] 246 
(Mr) 

Neurologic disease described in the Journal of Empirical Psy- 
chology (Gnothi Sauton oder Magazin zur Erfahrungsseelen- 
kunde), 1783-1793 [Forstl] 187 (Fe) 

Progressive amusia and aprosody [Confavreux] 971 (Se) 

Aphasia, Acquired 


Landau-Kleffner syndrome: an eponymic badge of igno- _ 


rance [Landau] 353 (Ap) 

Landau-Kleffner syndrome or ‘acquired aphasia with con- 
vulsive disorder’: long-term follow-up of 6 children and 
a review of the recent literature [Paquier] 354 (Ap) 

Apnea 

Brain death: occurs only with destruction of the cerebral 
hemispheres and the brain stem [Bernat] 569; defining 
death: a superficial and fragile consensus [Youngner] 570; 
brain death or loss of human brain life? [Hachinski] 572 
(My) 

Apomorphine 

Apomorphine test for dopaminergic responsiveness in pa- 
tients with previously untreated Parkinson's disease [Gas- 
ser] 1131 (No) 

Intranasal apomorphine in Parkinsonian on-off fluctuations 
[van Laar] 482 (My) 

Supplementary and primary sensory motor area activity in 
Parkinson’s disease: regional cerebral blood flow changes 
during finger movements and effects of apomorphine 
[Rascol] 144 (Fe) 

Apoplexy see Cerebrovascular Disorders 

Apraxia 

Gerstmann’s syndrome [Benton] 445 (My) 

Lesion localization in apractic agraphia [Alexander] 246 (Mr) 

Progressive amusia and aprosody [Confavreux] 971 (Se) 

Arachnoiditis 

Therapy for neurocysticercosis: comparison between al- 
bendazole and praziquantel [Takayanagui] 290 (Mr) 

ARCHIVES OF NEUROLOGY 

1991 reviewers for the ARCHIVES OF NEUROLOGY, 19 (Ja) 

Arm 

Effects of cigarette smoking on motor functions in patients 
with multiple sclerosis [Emre] 1243 (De) 

Variations in dorsomedial hand innervation: electrodiag- 
nostic implications [Peterson] 870 (Au) 

Arnold-Chiari Deformity 

Cerebral white matter and cognition in hydrocephalic chil- 
dren [Fletcher] 818 (Au) 

Arrhythmia 

Asymmetry of sympathetic consequences of experimental 
stroke [Hachinski] 697 (Jy) 

Cardiovascular investigation in elderly patients with tran- 
sient unresponsiveness (letter) [Primavera] (reply) [Hai- 
movic] 1112 (No) 

Arrhythmia, Sinus 

Acute intracranial lesions and respiratory sinus arrhythmia 
[Frank] 1200 (No) 

Arterial Occlusive Diseases 

Asymmetry of sympathetic consequences of experimental 
stroke [Hachinski] 697 (Jy) 

Arteries 

Sciatic neuropathy associated with persistent sciatic artery 
[Gasecki] 967 (Se) 

Arteriography see Angiography 

Arterioles 

Cerebral hemorrhage with biopsy-proved amyloid angiop- 
athy [Yong] 51 (Ja) 

Arteriosclerosis 

Further observations on the pathology of subcortical lesions 
identified on magnetic resonance imaging [Chimowitz] 
747 (Jy) 

Magnetic resonance imaging signal hyperintensities in the 
deep and subcortical white matter: a comparative study 
between stroke patients and normal volunteers [Schmidt] 
825 (Au) 
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Arteriovenous Malformations 

Role of dominant premotor cortex and grapheme to pho- 
neme transformation in reading epilepsy: a neuroana- 
tomic, neurophysiologic, and neuropsychological study 
[Ritaccio] 933 (Se) 

Arteriovenous Shunt, Surgical 

Visual evoked potentials and intracranial pressure (letter) 
[Watts] 1111, (reply) [Connolly] 1112 (No) 

Arteritis 

Neurologic manifestations of progressive systemic sclerosis 
[Averbuch-Heller] 1292 (De) 

Arthritis, Juvenile Rheumatoid 

Nervous system Lyme borreliosis—revisited [Finkel] 102 (Ja) 


_ Arthritis, Rheumatoid 
_ Open controlled therapeutic trial of intravenous immune 


globulin in relapsing-remitting multiple sclerosis [Achi- 
ron] 1233 (De) 

Quality of life in multiple sclerosis: comparison with in- 
flammatory bowel disease and rheumatoid arthritis [Ru- 
dick] 1237 (De) 

Arylsulfatase A see Cerebroside Sulfatase 

Aspartate Aminotransferase 

Role of hypotension in septic encephalopathy following 
surgical procedures [Wijdicks] 653 (Je) 

Aspergillosis 

Pneumocystis carinii pneumonia associated with solid ec- 
topic corticotropin-producing tumors (letter) [McQuillen] 
(reply) [Henson] 1012 (Oc) 

Astrocytes 

Astrocyte expression of major histocompatibility complex 
gene products in multiple sclerosis brain tissue obtained 
by stereotactic biopsy [Ransohoff] 48:1244 (De); correc- 
tion, 49:752 (Jy) 

Further observations on the pathology of subcortical lesions 
identified on magnetic resonance imaging [Chimowitz] 
747 (Jy) 

Ataxia 

‘Haw River Syndrome’ or dentato-rubro-pallido-luysian at- 
rophy? (letter) [Singer] (reply) [Farmer] 13 (Ja) 

Methodologic considerations in neuropsychologic testing 
of ataxic patients (letter) [Lalonde] (reply) [Berent] 218 
(Mr) 

Neuropsychology of the cerebellum: an emerging concept 
(letter) [Botez] 1229, (reply) [Schmahmann] 1230 (De) 

Atherosclerosis 

Vascular event rates in patients with atherosclerotic cere- 
brovascular disease [Wilterdink] 857 (Au) 

Athetosis 

Effect of long-term therapy on the pharmacodynamics of 
levodopa: relation to on-off phenomenon [Nutt] 1123 (No) 

Atrial Fibrillation 

Multiple sclerosis as a cause of atrial fibrillation and elec- 
trocardiographic changes [Schroth] 422 (Ap) 

Attention 

Establishing the limits of the Mini-Mental State: examina- 
tion of ‘subtests’ [Feher] 87 (Ja) 

Attitude to Death 

Brain death: occurs only with destruction of the cerebral 
hemispheres and the brain stem [Bernat] 569; defining 
death: a superficial and fragile consensus [Youngner] 570; 
brain death or loss of human brain life? [Hachinski] 572 
(My) 

Audiometry 

Oculomotor, auditory, and vestibular responses in myo- 
tonic dystrophy [Verhagen] 954 (Se) 

Auditory Brain Stem Evoked Responses see Evoked Po- 
tentials, Auditory, Brain Stem 

Auditory Evoked Potentials see Evoked Potentials, Audi- 
tory 

Autoimmune Diseases 

Progressive nemaline (rod) myopathy as a presentation of 
human immunodeficiency virus infection (letter) [Dw- 
yer] 440 (My) 

Prospective study of depression and immune dysregulation 
in multiple sclerosis [Foley] 238 (Mr) 

Automatism 

Murder, insanity, and medical expert witnesses [Ciccone] 
608 (Je) 

Autonomic Nervous System 

Effect of age on autonomic and cardiac responses in a rat 
stroke model [Hachinski] 690 (Jy) 

Autopsy 

Neurologic signs in Alzheimer’s disease: results of a pro- 
spective clinical and neuropathologic study [Forstl] 1038 
(Oc) 

Suicide and patients with neurologic diseases: methodolog- 
ic problems [Stenager] 1296 (De) 

Autosome Abnormalities see Chromosome Abnormalities 

Axons 

Sleep disturbance, depression, and lesion site in patients 
with multiple sclerosis [Clark] 641 (Je) 

Azathioprine 

Magnetic resonance imaging lesion enlargement in multi- 
ple sclerosis: disease-related activity, chance occurrence, 
or measurement artifact? [Goodkin] 261 (Mr) 


Babinski Reflex see Reflex, Babinski 
Barium 
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Validation of the 3-oz water swallow test for aspiration 
following stroke [DePippo] 1259 (De) 

Baroreceptors see Pressoreceptors 

Basal Ganglia 

Age-related differences in volumes of subcortical nuclei, 
brain matter, and cerebrospinal fluid in healthy men as 
measured with magnetic resonance imaging [Murphy] 
839 (Au) 

Pathogenesis of Tourette’s syndrome: possible role for hor- 
monal and excitatory neurotransmitter influences in brain 
development [Kurlan] 874 (Au) 

Basal Ganglia Diseases 

Evoked potentials in cerebrotendinous xanthomatosis and 
effect induced by chenodeoxycholic acid [Mondelli] 469 
(My) 

Hereditary motor and sensory neuropathy with treatable 
extrapyramidal features [Jaradeh] 175 (Fe) 

Basilar Artery Insufficiency see Vertebrobasilar Insuffi- 
ciency 

Behcet's Syndrome 

Humoral and cellular immunologic study of cerebrospinal 
fluid in a patient with Behcet encephalitis [Jongen] 1075 
(Oc) 

Bell’s Palsy see Facial Paralysis 

Bilirubin 

Role of hypotension in septic encephalopathy following 
surgical procedures [Wijdicks] 653 (Je) 

Binswanger’s Disease 

Binswanger’s disease and German translations (letter) 
[Moossy] (reply) [Blass] 799 (Au) 

Bioavailability see Biological Availability 

Biological Availability 

Dopamine agonist treatment of fluctuating Parkinsonism: 
D-2 (controlled-release MK-458) vs combined D-1 and 
D-2 (pergolide) [Ahlskog] 560 (My) 

Intranasal apomorphine in Parkinsonian on-off fluctuations 
[van Laar] 482 (My) 

Biological Markers 

Clinical diagnosis of Alzheimer’s disease and other demen- 
tias in a population survey: agreement and causes of 
disagreement in applying Diagnostic and Statistical Man- 
ual of Mental Disorders, revised third edition, criteria 
[Fratiglioni] 927 (Se) 

Biopsy 

Cerebral hemorrhage with biopsy-proved amyloid angiop- 
athy [Yong] 51 (Ja) 

Evaluation of cerebral biopsies for the diagnosis of demen- 
tia [Hulette] 28 (Ja) 

Bipolar Disorder 

Cerebral metabolism and depression in patients with com- 
plex partial seizures [Bromfield] 617 (Je); correction, 976 
(Se) 

Blepharoptosis 

Early predictors of poor outcome in congenital fiber-type 
disproportion myopathy [Torres] 855 (Au) 

Blood-Brain Barrier 

Brain-stem auditory evoked potentials in human immun- 
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Clinical diagnosis of Alzheimer’s disease and other demen- 
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changes [Beach] 501 (My) 

Psychometric discrimination of moderate senile dementia 
of the Alzheimer type [Hill] 377 (Ap) 

Cognitive Therapy 
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595 (Je) 

Concentration see Attention 

Conflict of Interest 

Cost-containment and the practice of neurology: the conflict 
of canons [Menken] 877 (Au) 

Confounding Factors (Epidemiology) 
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Cerebral glucose metabolism in Parkinson’s disease with 
and without dementia [Peppard] 1262 (De) 

Clinical diagnosis of Alzheimer’s disease and other demen- 
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Albendazole therapy for giant subarachnoid cysticerci [Del 
Brutto] 535 (My) 

Pneumocystis carinii pneumonia associated with solid ec- 
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development [Kurlan] 874 (Au) 

Violence: the neurologic contribution: an overview [Elliott] 
595 (Je) 

Gerstmann’s Syndrome 

Gerstmann’s syndrome [Benton] 445 (My) 

Glasgow Coma Scale 

Violent brain injuries by gunshot in Duval County, Florida, 
1989-1991 (letter) [Deshmukh] 588 (Je) 

Gliosis 

Asymmetric cortical degeneration syndromes: a proposed 
clinical classification [Caselli] 770 (Jy) 

Further observations on the pathology of subcortical lesions 
identified on magnetic resonance imaging [Chimowitz] 
747 (Jy) ` 

Globus Pallidus 

Biological significance of iron-related magnetic resonance 
imaging changes in the brain [Pujol] 711 (Jy) 

‘Haw River Syndrome’ or dentato-rubro-pallido-luysian at- 
rophy? (letter) [Singer] (reply) [Farmer] 13 (Ja) 

Locus coeruleus involvement in Huntington's disease 
[Zweig] 152 (Fe) 

Glucose 

Cerebral glucose metabolism in Parkinson's disease with 
and without dementia [Peppard] 1262 (De) 

Cerebral glucose utilization in motor neuron disease [Hoff- 
man] 849 (Au) 

Serial changes of cerebral glucose metabolism and caudate 
size in persons at risk for Huntington's disease [Grafton] 
1161 (No) 

Topography of cross-sectional and longitudinal glucose met- 
abolic deficits in Alzheimer’s disease: pathophysiologic 
implications [Smith] 1142 (No) 

Glutamates 

Do NMDA antagonists prevent neuronal injury? yes [Al- 
bers] 418; no [Buchan] 420; NMDA antagonist protection 
from neuronal injury [Hachinski] 421 (Ap) 

Glutamic Acid see Plasminogen 

Glycine 

Antispasticity effect of threonine in multiple sclerosis [Haus- 
er] 923 (Se) 

Do NMDA antagonists prevent neuronal injury? yes [Al- 
bers] 418; no [Buchan] 420; NMDA antagonist protection 
from neuronal injury [Hachinski] 421 (Ap) 

Granuloma 

Treatment of neurosarcoidosis with cyclosporine [Stern] 
1065 (Oc) 

Great Britain 

Violence: resensitizing the inured (letter) [Goldblatt] 440 (My) 

Guanosine Triphosphate 

Elevated neopterin levels in Guillain-Barré syndrome: fur- 
ther evidence of immune activation [Bansil] 1277 (De) 

Guillain-Barre Syndrome see Polyradiculoneuritis 
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H-Reflex 

H-reflex to magnetic stimulation of lower-limb nerves [Zhu] 
66 (Ja) 

Hallervorden-Spatz Syndrome 

Biological significance of iron-related magnetic resonance 
imaging changes in the brain [Pujol] 711 (Jy) 

Hallucinations 

Columbia University Scale for psychopathology in Alzhe- 
imer’s disease [Devanand] 371 (Ap) 

Psychiatric disturbances in metachromatic leukodystrophy: 
insights into the neurobiology of psychosis [Hyde] 401 
(Ap) 

Selegiline and manic behavior in Parkinson’s disease (letter) 
[Kurlan] 1231 (De) 

Hand 

Lesion localization in apractic agraphia [Alexander] 246 (Mr) 

Head Injuries 

Developmental consequences of childhood frontal lobe dam- 
age [Eslinger] 764 (Jy) 

Murder, insanity, and medical expert witnesses [Ciccone] 
608 (Je) 

Head Injuries, Closed 

Personality changes in Alzheimer’s disease [Chatterjee] 486 
(My) 

Headache 

Albendazole therapy for giant subarachnoid cysticerci [Del 
Brutto] 535 (My) 

Headaches in children younger than 7 years of age [Chu] 79 
(Ja) 

Headaches preceded by visual aura among adolescents and 
young adults: a population-based survey [Linet] 512 (My) 

Interrelations between migraine and tension-type headache 
in the general population [Rasmussen] 914 (Se) 

Heart Conduction System 

Multiple sclerosis as a cause of atrial fibrillation and elec- 
trocardiographic changes [Schroth] 422 (Ap) 

Heart Diseases 
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Magnetic resonance imaging signal hyperintensities in the 
deep and subcortical white matter: a comparative study 
between stroke patients and normal volunteers [Schmidt] 
825 (Au) 

Heart Rate 

Increased sympathetic and decreased parasympathetic car- 
diac innervation in patients with Alzheimer’s disease [Aha- 
ron-Peretz] 919 (Se) 

Helper Cells 

Prospective study of depression and immune dysregulation 
in multiple sclerosis [Foley] 238 (Mr) 

Treatment of neurosarcoidosis with cyclosporine [Stern] 
1065 (Oc) 

Hemangioma 

Progressive vision loss: a rare manifestation of familial cav- 
ernous angiomas [Malik] 170 (Fe) 

Hemangioma, Cavernous 

Progressive vision loss: a rare manifestation of familial cav- 
ernous angiomas [Malik] 170 (Fe) 

Hematoma 

Carotid high-low flow ratio most accurately predicts sig- 
nificant stenosis [Meyd] 864 (Au) 

Thalamic stroke: presentation and prognosis of infarcts and 
hemorrhages [Steinke] 703 (Jy) 

Visual memory deficits after damage to the anterior com- 
missure and right fornix [Botez-Marquard] 321 (Mr) 

Hemiparesis see Hemiplegia 

Hemiplegia 

Flexor plantar responses in children with upper motor neu- 
ron lesions [Marcus] 1198 (No) 

Lesion localization in apractic agraphia [Alexander] 246 (Mr) 

Role of hypotension in septic encephalopathy following 
surgical procedures [Wijdicks] 653 (Je) 

Hemodialysis 

Neurocognitive effects of aluminum [Bolla] 1021 (Oc) 

Hemodynamics 

Acute intracranial lesions and respiratory sinus arrhythmia 
[Frank] 1200 (No) 

Carotid high-low flow ratio most accurately predicts sig- 
nificant stenosis [Meyd] 864 (Au) 

Watershed infarction on computed tomographic scan: an 
unreliable sign of hemodynamic stroke [Graeber] 311 (Mr) 

Hemorrhage 

Early seizures after acute stroke: risk of late seizures [Kil- 
patrick] 509 (My) 

Thalamic stroke: presentation and prognosis of infarcts and 
hemorrhages [Steinke] 703 (Jy) 

Hemorrhage, Eye see Eye Hemorrhage 

Hemostasis 

Venous thromboembolism in acute stroke: prognostic im- 
portance of hypercoagulability [Landi] 279 (Mr) 

Hepatitis 

‘Fatigue’ in patients with multiple sclerosis: motor pathway 
conduction and event-related potentials [Sandroni] 517 
(My) 

Hepatolenticular Degeneration 

Thiomolybdates in the treatment of Wilson's disease (letter) 
[Walshe] (reply) [Brewer] 132 (Fe) 

Wilson's disease: hypothesis of a deficiency of copper ex- 
cretion via the endosome to the bile (letter) [Van Hoof] 
800 (Au) 

Hereditary Diseases 

Cerebral blood flow deficits in hereditary essential myo- 
clonus [Delecluse] 179 (Fe); correction, 873 (Au) 

Cerebral white matter and cognition in hydrocephalic chil- 
dren [Fletcher] 818 (Au) 

Decline in cognitive performance in aging twins: heritabil- 
ity and biobehavioral predictors from the National Heart, 
Lung, and Blood Institute Twin study [Swan] 476 (My) 

Early predictors of poor outcome in congenital fiber-type 
disproportion myopathy [Torres] 855 (Au) 

Familial occurrence of Parkinson's disease: lack of evidence 
for maternal inheritance [Zweig] 1205 (No) 

‘Haw River Syndrome’ or dentato-rubro-pallido-luysian at- 
rophy? (letter) [Singer] (reply) [Farmer] 13 (Ja) 

Large New England kindred with autosomal dominant neu- 
rogenic scapuloperoneal amyotrophy with unique fea- 
tures [DeLong] 905 (Se) 

Myotonia fluctuans (letter) [Lennox] 1010 (Oc) 

Progressive vision loss: a rare manifestation of familial cav- 
ernous angiomas [Malik] 170 (Fe) 

Psychiatric disturbances in metachromatic leukodystrophy: 
insights into the neurobiology of psychosis [Hyde] 401 
(Ap) 

Heterotopic Tissue see Choristoma 

Hexadecadrol see Dexamethasone 

Hippocampus 

Comparative analysis of computed tomographic and mag- 
netic resonance imaging scans in Alzheimer patients and 
controls [Sandor] 381 (Ap) 

Do NMDA antagonists prevent neuronal injury? yes [Al- 
bers] 418; no [Buchan] 420; NMDA antagonist protection 
from neuronal injury [Hachinski] 421 (Ap) 

Evidence for early vulnerability of the medial and inferior 
aspects of the temporal lobe in an 82-year-old patient with 
preclinical signs of dementia: regional and laminar dis- 
tribution of neurofibrillary tangles and senile plaques 
[Hof] 946 (Se) 

Neurologic signs in Alzheimer’s disease: results of a prospec- 
tive clinical and neuropathologic study [Förstl] 1038 (Oc) 
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Neuropathologic and neurochemical correlates of psycho- 
sis in primary dementia [Zubenko] 48:619 (Je); correction, 
49:1064 (Oc) 

Technetium-99m HM-PAO single photon emission com- 
puted tomography imaging in transient global amnesia 
[Laloux] 543 (My) 

Visual memory deficits after damage to the anterior com- 
missure and right fornix [Botez-Marquard] 321 (Mr) 

Histocompatibility Antigens 

Prospective study of depression and immune dysregulation 
in multiple sclerosis [Foley] 238 (Mr) 

Histocompatibility Antigens Class II 

Prospective study of depression and immune dysregulation 
in multiple sclerosis [Foley] 238 (Mr) 

Histocompatibility Complex see Major Histocompatibility 
Complex 

History of Medicine 

Binswanger’s disease and German translations (letter) 
[Moossy] (reply) [Blass] 799 (Au) 

Neurologic disease described in the Journal of Empirical Psy- 
chology (Gnothi Sauton oder Magazin zur Erfahrungsseelen- 
kunde), 1783-1793 [Forstl] 187 (Fe) 

HISTORY OF NEUROLOGY 

Neurologic disease described in the Journal of Empirical Psy- 
chology (Gnothi Sauton oder Magazin zur Erfahrungsseelen- 
kunde), 1783-1793 [Forstl] 187 (Fe) 

HIV-1 

Neurologic and neuropsychological manifestations of hu- 
man immunodeficiency virus infection in intravenous 
drug users without acquired immunodeficiency syndrome: 
relationship to head injury [Marder] 1169 (No) 

Neurosyphilis and human immunodeficiency virus type 2 
infection (letter) [Savall] 440 (My) 

Plasma vitamin B} level as a potential cofactor in studies of 
human immunodeficiency virus type 1-related cognitive 
changes [Beach] 501 (My) 

Sensory testing in human immunodeficiency virus type 
1-infected men [Gulevich] 1281 (De) 

HIV-2 

Neurosyphilis and human immunodeficiency virus type 2 
infection (letter) [Savall] 440 (My) 

HIV Dementia see AIDS Dementia Complex 

HIV Encephalopathy see AIDS Dementia Complex 

HIV Infections 

Further observations on the pathology of subcortical lesions 
identified on magnetic resonance imaging [Chimowitz] 
747 (Jy) 

Neurocysticercosis and human immunodeficiency virus in- 
fection: a possible association [Thornton] 963 (Se) 

Neurologic and neuropsychological manifestations of hu- 
man immunodeficiency virus infection in intravenous 
drug users without acquired immunodeficiency syndrome: 
relationship to head injury [Marder] 1169 (No) 

Neurosyphilis and human immunodeficiency virus type 2 
infection (letter) [Savall] 440 (My) 

Open controlled therapeutic trial of intravenous immune 
globulin in relapsing-remitting multiple sclerosis [Achi- 
ron] 1233 (De) 

Plasma vitamin B, level as a potential cofactor in studies of 
human immunodeficiency virus type 1-related cognitive 
changes [Beach] 501 (My) 

Progressive nemaline (rod) myopathy as a presentation of 
human immunodeficiency virus infection (letter) [Dw- 
yer] 440 (My) 

Prospective controlled study of magnetic resonance imag- 
ing of the brain in gay men and parenteral drug users 
with human immunodeficiency virus infection [Dooneief] 
38 (Ja) 

HIV see HIV-1 

HIV Seroconversion see HIV Seropositivity 

HIV Seronegativity see HIV Seropositivity 

HIV Seropositivity 

Brain-stem auditory evoked potentials in human immun- 
odeficiency virus-seropositive patients with and without 
acquired immunodeficiency syndrome [Pagano] 166 (Fe) 

Event-related potentials in human immunodeficiency virus 
infection: a prospective study [Messenheimer] 396 (Ap) 

Human T lymphotropic virus type I-associated myelopa- 
thy: a report of 10 patients born in the United States 
[Sheremata] 1113 (No) 

Increased adherence of T cells to human endothelial cells in 
patients with human T-cell lymphotropic virus type I- 
associated myelopathy [Ichinose] 74 (Ja) 

Neurocysticercosis and human immunodeficiency virus in- 
fection: a possible association [Thornton] 963 (Se) 

Neurologic and neuropsychologica! manifestations of hu- 
man immunodeficiency virus infection in intravenous 
drug users without acquired immunodeficiency syndrome: 
relationship to head injury [Marder] 1169 (No) 

Neurosyphilis and human immunodeficiency virus type 2 
infection (letter) [Savall] 440 (My) 

Plasma vitamin B; level as a potential cofactor in studies of 
human immunodeficiency virus type 1-related cognitive 
changes [Beach] 501 (My) 

Prospective controlled study of magnetic resonance imag- 
ing of the brain in gay men and parenteral drug users 
with human immunodeficiency virus infection [Dooneief] 
38 (Ja) 

HLA Antigens 

Astrocyte expression of major histocompatibility complex 
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gene products in multiple sclerosis brain tissue obtained 
by stereotactic biopsy [Ransohoff] 48:1244 (De); correc- 
tion, 49:752 (Jy) 

HMSN see Neuropathies, Hereditary Motor and Sensory 

Holter Monitoring see Electrocardiography, Ambulatory 

Homicide 

Grappling with the enigma of violence: an educational ap- 
proach [Menken] 592 (Je) 

Make my day [Joynt] 591 (Je) 

Murder, insanity, and medical expert witnesses [Ciccone] 
608 (Je) 

Role of a sleep disorder center in evaluating sleep violence 
[Mahowald] 604 (Je) 

Violence: the neurologic contribution: an overview [Elliott] 
595 (Je) 

Violent brain injuries by gunshot in Duval County, Florida, 
1989-1991 (letter) [Deshmukh] 588 (Je) 

Homocysteine 

Biologically significant serum vitamin B,» deficiency in mul- 
tiple sclerosis inadequately documented (letter) [Good- 
kin] (reply) [Reynolds] 683 (Jy) 

Homosexuality 

Event-related potentials in human immunodeficiency virus 
infection: a prospective study [Messenheimer] 396 (Ap) 

Prospective controlled study of magnetic resonance imag- 
ing of the brain in gay men and parenteral drug users 
with human immunodeficiency virus infection [Dooneief] 
38 (Ja) 

5-HT see Serotonin 

HTLV-I-Associated Myelopathy see Paraparesis, Tropical 
Spastic 

Huntington Chorea 

Biological significance of iron-related magnetic resonance 
imaging changes in the brain [Pujol] 711 (Jy) 

Event-related potentials in human immunodeficiency vi- 


rus infection: a prospective study [Messenheimer] 396- 


(Ap) 

Frontal lobe dysfunction in unilateral lenticulostriate inf- 
arcts: prominent role of cortical lesions [Godefroy] 1285 
(De) 


Locus coeruleus involvement in Huntington's disease 


[Zweig] 152 (Fe) 

Serial changes of cerebral glucose metabolism and caudate 
size in persons at risk for Huntington's disease [Grafton] 
1161 (No) 

Suicide and patients with neurologic diseases: methodolog- 
ic problems [Stenager] 1296 (De) 

Weight loss in Huntington's disease (letter) [Kremer] 349 
(Ap) 

Hydrocephalus 

Cerebral white matter and cognition in hydrocephalic chil- 
dren [Fletcher] 818 (Au) 

Hydrocephalus following spinal cord schwannoma resec- 
tion [Bland] 882 (Au) 

Hypersexuality following septal injury [Gorman] 308 (Mr) 

Mechanisms of interhemispheric transfer and patterns of 
cognitive function in acallosal patients of normal intelli- 
gence [Fischer] 271 (Mr) 


Normal-pressure hydrocephalus: is cisternography still use-. 


ful in selecting patients for a shunt? [Vanneste] 366 (Ap) 
Treatment of neurosarcoidosis with cyclosporine [Stern] 

1065 (Oc) 
Visual evoked potentials and intracranial pressure (letter) 

[Watts] 1111, (reply) [Connolly] 1112 (No) 
Hydrogen-lon Concentration 


In vivo phosphorus magnetic resonance spectroscopy in — 


multiple sclerosis [Minderhoud] 161 (Fe) 

Hydroxyindoleacetic Acid 

Dose ranging efficacy and safety of subcutaneous sumatrip- 
tan in the acute treatment of migraine [Mathew] 1271 (De) 

Neuropathologic and neurochemical correlates of psycho- 
sis in primary dementia [Zubenko] 48:619 (Je); correction, 
49:1064 (Oc) 

Hydroxyurea ‘ 

Central nervous system involvement in the eosinophilia- 
myalgia syndrome [Lynn] 1082 (Oc) 

Hypercholesterolemia 

Neuropsychological importance of subcortical white matter 
hyperintensity [Tupler] 1248 (De) 

Vascular event rates in patients with atherosclerotic cere- 
brovascular disease [Wilterdink] 857 (Au) 

Hypertension 

Hydrocephalus following spinal cord schwannoma resec- 
tion [Bland] 882 (Au) 

Idiopathic intracranial hypertension without papilledema: 
related to sleep apnea? (letter) [McNamara] (reply) [Sil- 
berstein] 14 (Ja) 

Neuropsychological correlates of white-matter lesions in 
healthy elderly subjects: a threshold effect [Boone] 549 
(My) 

Thalamic stroke: presentation and prognosis of infarcts and 
hemorrhages [Steinke] 703 (Jy) 

Vascular event rates in patients with atherosclerotic cere- 
brovascular disease [Wilterdink] 857 (Au) 

Hypoglycemia 

Do NMDA antagonists prevent neuronal injury? yes [Al- 
bers] 418; no [Buchan] 420; NMDA antagonist protection 
from neuronal injury [Hachinski] 421 (Ap) 

Hypopituitarism 

Malignant tumors in the pituitary gland [Juneau] 555 (My) 
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Hypotension 

Role of hypotension in septic encephalopathy following 
surgical procedures [Wijdicks] 653 (Je) 

Watershed infarction on computed tomographic scan: an 
unreliable sign of hemodynamic stroke [Graeber] 311 (Mr) 

Hypothalamic Area, Anterior 

Age-related differences in volumes of subcortical nuclei, 
brain matter, and cerebrospinal fluid in healthy men as 
measured with magnetic resonance imaging [Murphy] 
839 (Au) 

Hypothalamus 

Comparison of the effects of frontal and temporal lobe par- 
tial seizures on prolactin levels [Meierkord] 225 (Mr) 

Hypersexuality following septal injury [Gorman] 308 (Mr) 

Pathogenesis of Tourette’s syndrome: possible role for hor- 
monal and excitatory neurotransmitter influences in brain 
development [Kurlan] 874 (Au) 

Prolactin: quo vadis? [Herzog] 223 (Mr) 

Weight loss in Huntington's disease (letter) [Kremer] 349 
(Ap) 

Hypothermia 

Role of hypotension in septic encephalopathy following 
surgical procedures [Wijdicks] 653 (Je) 

Hypoventilation 

Early predictors of poor outcome in congenital fiber-type 
disproportion myopathy [Torres] 855 (Au) 

Hypoxia see Anoxia 


Iatrogenic Disease 

Role of physical exercise in the occurrence of Parkinson's 
disease [Sasco] 360 (Ap) 

Idiopathic Thrombocytopenic Purpura see Purpura, Throm- 
bocytopenic, Idiopathic 

IgA 

Wilson's disease: hypothesis of a deficiency of copper ex- 
cretion via the endosome to the bile (letter) [Van Hoof] 
800 (Au) 

Immune Globulins see Immunoglobulins, Intravenous 

Immunoblotting 

Nervous system Lyme borreliosis--revisited [Finkel] 102 (Ja) 

Immunocytochemistry see Immunohistochemistry 

Immunodiagnosis see Immunologic Tests 

Immunofluorescence Technique see Fluorescent Antibody 
Technique 

Immunoglobulins 

Humoral and cellular immunologic study of cerebrospinal 
fluid in a patient with Behcet encephalitis [Jongen] 1075 
(Oc) 

Immunodiagnosis of neurocysticercosis: disappointing per- 
formance of serology (enzyme-linked immunosorbent as- 
say) in an unbiased sample of neurological patients [Ra- 
mos-Kuri] 633 (Je) 

Immunoglobulins, Intravenous 

Open controlled therapeutic trial of intravenous immune 
globulin in relapsing-remitting multiple sclerosis [Achi- 
ron] 1233 (De) 

Immunohistochemistry 

Cerebral hemorrhage with biopsy-proved amyloid angiop- 
athy [Yong] 51 (Ja) 

Weight loss in Huntington’s disease (letter) [Kremer] 349 
(Ap) 

Immunologic Tests 

Immunodiagnosis of neurocysticercosis: disappointing per- 
formance of serology (enzyme-linked immunosorbent as- 
say) in an unbiased sample of neurological patients [Ra- 
mos-Kuri] 633 (Je) 

Immunosuppression 

Sensory testing in human immunodeficiency virus type 
1-infected men [Gulevich] 1281 (De) 

Immunosuppressive Agents 

Cytokine secretion by multiple sclerosis monocytes: rela- 
tionship to disease activity [Rudick] 265 (Mr) 

Humoral and cellular immunologic study of cerebrospinal 
fluid in a patient with Behcet encephalitis [Jongen] 1075 
(Oc) 

Inducer Cells see Helper Cells 

Infant Mortality 

Early predictors of poor outcome in congenital fiber-type 
disproportion myopathy [Torres] 855 (Au) 

Infarction 

Magnetic resonance imaging signal hyperintensities in the 
deep and subcortical white matter: a comparative study 
between stroke patients and normal volunteers [Schmidt] 
825 (Au) 

Pupil-sparing oculomotor palsy due to midbrain infarction 
(letter) [Kumar] 348 (Ap) 

Where is the lesion in allochiria? (letter) [Young] 348 (Ap) 

Infection 

Spinal epidural abscess: early detection with gadolinium 
magnetic resonance imaging [Teman] 743 (Jy) 

Inflammatory Bowel Diseases 

Quality of life in multiple sclerosis: comparison with in- 
flammatory bowel disease and rheumatoid arthritis [Ru- 
dick] 1237 (De) 

Insanity Defense 

Murder, insanity, and medical expert witnesses [Ciccone] 
608 (Je) 
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Grappling with the enigma of violence: an educational ap- 
proach [Menken] 592 (Je) 

Insula of Reil see Cerebral Cortex 

Insulin 

Intranasal apomorphine in Parkinsonian on-off fluctuations 
[van Laar] 482 (My) 

Intelligence Tests 

Decline in cognitive performance in aging twins: heritabil- 
ity and biobehavioral predictors from the National Heart, 
Lung, and Blood Institute Twin study [Swan] 476 (My) 

Immediate and delayed prose recall among normal and 
demented adults [Robinson-Whelen] 32 (Ja) 

Neuropsychological correlates of white-matter lesions in 
healthy elderly subjects: a threshold effect [Boone] 549 
(My) 

Interferons 

Elevated neopterin levels in Guillain-Barré syndrome: fur- 
ther evidence of immune activation [Bansil] 1277 (De) 

Interleukin-1 

Cerebral hemorrhage with biopsy-proved amyloid angiop- 
athy [Yong] 51 (Ja) 

Interleukin-1 beta see Interleukin-1 

International Headache Society 

Headaches preceded by visual aura among adolescents and 
young adults: a population-based survey [Linet] 512 (My) 

Interrelations between migraine and tension-type headache 
in the general population [Rasmussen] 914 (Se) 

International League Against Epilepsy 

National general practice study of epilepsy: the syndromic 
classification of the International League Against Epilep- 
sy applied to epilepsy in a general population [Manford] 
801 (Au) 

Interview, Psychological 

Clinical diagnosis of Alzheimer’s disease and other demen- 
tias in a population survey: agreement and causes of 
disagreement in applying Diagnostic and Statistical Man- 
ual of Mental Disorders, revised third edition, criteria 
[Fratiglioni] 927 (Se) 

Intoxication, Alcoholic see Alcoholic Intoxication 

Intracerebral Pressure see Intracranial Pressure 

Intracranial Hypertension, Benign see Pseudotumor Cere- 
bri 

Intracranial Pressure 

Cerebral hemorrhage with biopsy-proved amyloid angiop- 
athy [Yong] 51 (Ja) 

Idiopathic intracranial hypertension without papilledema: 
related to sleep apnea? (letter) [McNamara] (reply) [Sil- 
berstein] 14 (Ja) 

Visual evoked potentials and intracranial pressure (letter) 
[Watts] 1111, (reply) [Connolly] 1112 (No) 

Intravenous Drug Abuse see Substance Abuse, Intrave- 
nous 

Intravenous Immunoglobulins see Immunoglobulins, In- 
travenous 

Iron 

Biological significance of iron-related magnetic resonance 
imaging changes in the brain [Pujol] 711 (Jy) 

Ischemia 

Clinical decision making in severe brain injury (letter) [Turk- 
stra] 349 (Ap) 

Do NMDA antagonists prevent neuronal injury? yes [Al- 
bers] 418; no [Buchan] 420; NMDA antagonist protection 
from neuronal injury [Hachinski] 421 (Ap) 

Risk factors for the neurologic complications associated with 
aortic aneurysms [Lynch] 284 (Mr) 

Role of hypotension in septic encephalopathy following 
surgical procedures [Wijdicks] 653 (Je) 

Sciatic neuropathy associated with persistent sciatic artery 
[Gasecki] 967 (Se) 

Ischemic Heart Disease see Coronary Disease 

Israel 

Neurologic manifestations of progressive systemic sclerosis 
[Averbuch-Heller] 1292 (De) 

Italy 

Mortality from motor neuron disease in the province of 
Bologna, Italy, 1986 through 1988 [Ferro] 661 (Je) 


J 


Jacksonian Seizure see Epilepsy, Partial 

Jakob-Creutzfeldt Syndrome see Creutzfeldt-Jakob Syn- 
drome 

JOURNAL OF EMPIRICAL PSYCHOLOGY 

Neurologic disease described in the Journal of Empirical Psy- 
chology (Gnothi Sauton oder Magazin zur Erfahrungsseelen- 
kunde), 1783-1793 [Férstl] 187 (Fe) 

Jurisprudence 

Delay in P300 latency in patients with organic solvent ex- 
posure [Morrow] 315 (Mr) 

Jurisprudence, Psychiatric see Forensic Psychiatry 
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Kearns Syndrome 

Neuropsychological features of mitochondrial myopathies 
and encephalomyopathies [Kartsounis] 158 (Fe) 

Kearns-Sayre-Shy-Daroff Syndrome see Kearns Syndrome 

Kidney 

Increased metallothionein in the liver and kidney of pa- 
tients with amyotrophic lateral sclerosis [Sillevis Smitt] 
721 (Jy) 
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Korsakoff Syndrome see Alcohol Amnestic Disorder 
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Lactic Acidosis see Acidosis, Lactic 

Lactobacillus casei 

Vitamin B,. metabolism in multiple sclerosis [Reynolds] 649 
(Je) 

Language 

Diagnosis of dementia in a heterogeneous population: com- 
parison of paradigm-based diagnosis and physician's di- 
agnosis [Pittman] 461 (My) 

Establishing the limits of the Mini-Mental State: examina- 
tion of ‘subtests’ [Feher] 87 (Ja) 

Lesion localization in apractic agraphia [Alexander] 246 (Mr) 

Language Disorders 

Agraphia in dementia of the Alzheimer type [LaBarge] 1151 
(No) 

Comparisons of verbal fluency tasks in the detection of 
dementia of the Alzheimer type [Monsch] 1253 (De) 

Failure to activate the left temporoparietal cortex in dys- 
lexia: an oxygen 15 positron emission tomographic study 
[Rumsey] 527 (My) 

Landau-Kleffner syndrome or ‘acquired aphasia with con- 
vulsive disorder’: long-term follow-up of 6 children and 
a review of the recent literature [Paquier] 354 (Ap) 

Laryngeal Muscles 

Large New England kindred with autosomal dominant neu- 
rogenic scapuloperoneal amyotrophy with unique fea- 
tures [DeLong] 905 (Se) 

Laterality 

Mechanisms of interhemispheric transfer and patterns of 
cognitive function in acallosal patients of normal intelli- 
gence [Fischer] 271 (Mr) 

Lead 

Role of physical exercise in the occurrence of Parkinson's 
disease [Sasco] 360 (Ap) 

Learning Disorders 

Cerebral brain metabolism in adult dyslexic subjects as- 
sessed with positron emission tomography during per- 
formance of an auditory task [Hagman] 734 (Jy) 

Left-Handedness see Laterality 

Leg 

H-reflex to magnetic stimulation of lower-limb nerves [Zhu] 
66 (Ja) 

Sciatic neuropathy associated with persistent sciatic artery 
[Gasecki] 967 (Se) 

Lennox-Gastaut Syndrome 

Double cortex: a neuronal migration anomaly as a possible 
cause of Lennox-Gastaut syndrome [Ricci] 61 (Ja) 

Lenticular Nucleus see Corpus Striatum 

Leukodystrophy, Metachromatic 

Longitudinal neurophysiologic studies in a patient with 
metachromatic leukodystrophy following bone marrow 
transplantation [Dhuna] 1088 (Oc) 

Psychiatric disturbances in metachromatic leukodystrophy: 
insights into the neurobiology of psychosis [Hyde] 401 
(Ap) 

Leukoencephalopathy, Progressive Multifocal 

Further observations on the pathology of subcortical lesions 
identified on magnetic resonance imaging [Chimowitz] 
747 (Jy) 

Magnetic resonance imaging signal hyperintensities in the 
deep and subcortical white matter: a comparative study 
between stroke patients and normal volunteers [Schmidt] 
825 (Au) 

Neurophysiological basis of cognitive deficits in long-term 
survivors of childhood cancer [Moore] 809 (Au) 

Prospective controlled study of magnetic resonance imag- 
ing of the brain in gay men and parenteral drug users 
with human immunodeficiency virus infection [Dooneief] 
38 (Ja) 

Levodopa 

Apomorphine test for dopaminergic responsiveness in pa- 
tients with previously untreated Parkinson's disease [Gas- 
ser] 1131 (No) 

Dopamine agonist treatment of fluctuating Parkinsonism: 
D-2 (controlled-release MK-458) vs combined D-1 and 
D-2 (pergolide) [Ahlskog] 560 (My) 

Effect of long-term therapy on the pharmacodynamics of 
levodopa: relation to on-off phenomenon [Nutt] 1123 
(No) 

Hereditary motor and sensory neuropathy with treatable 
extrapyramidal features [Jaradeh] 175 (Fe) 

Intranasal apomorphine in Parkinsonian on-off fluctuations 
[van Laar] 482 (My) 

Local cerebral blood flow and its response to intravenous 
levodopa in progressive supranuclear palsy: comparison 
with Parkinson’s disease [Kobari] 725 (Jy) 

Protein redistribution diet remains effective in patients with 
fluctuating Parkinsonism [Karstaedt] 149 (Fe) 

Selegiline and manic behavior in Parkinson’s disease (letter) 
[Kurlan] 1231 (De) 

Lewy Bodies 

Matching-to-sample deficits in patients with senile demen- 
tias of the Alzheimer and Lewy body types [Sahgal] 1043 
(Qc) 

Lewy Body Disease see Parkinson Disease 

Libido 

Testosterone, free testosterone, non-sex hormone-binding 
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globulin-bound testosterone, and free androgen index: 
which testosterone measurement is most relevant to re- 
productive and sexual function in men with epilepsy? 
(letter) [Herzog] 133, (reply) [Isojärvi] 134 (Fe) 

Life Expectancy 

Grappling with the enigma of violence: an educational ap- 
proach [Menken] 592 (Je) 

Life Support Systems 

Brain death: occurs only with destruction of the cerebral 
hemispheres and the brain stem [Bernat] 569; defining 
death: a superficial and fragile consensus [Youngner] 570; 
brain death or loss of human brain life? [Hachinski] 572 
(My) 

Linkage (Genetics) 

Landau-Kleffner syndrome: an eponymic badge of igno- 
rance [Landau] 353 (Ap) 

Large New England kindred with autosomal dominant neu- 
rogenic scapuloperoneal amyotrophy with unique fea- 
tures [DeLong] 905 (Se) 

Lipid Peroxides 

Biological significance of iron-related magnetic resonance 
imaging changes in the brain [Pujol] 711 (Jy) 

Lipopolysaccharides 

Cytokine secretion by multiple sclerosis monocytes: rela- 
tionship to disease activity [Rudick] 265 (Mr) 

Liver 

Increased metallothionein in the liver and kidney of pa- 
tients with amyotrophic lateral sclerosis [Sillevis Smitt] 
721 (Jy) 

Lobectomy 

P300 in patients with temporal lobe lesions (letter) [Daruna] 
219, (reply) [Nelson] 220 (Mr) 

Locus Coeruleus 

Locus coeruleus involvement in Huntington's disease 
[Zweig] 152 (Fe) 

Logic 

Meaning of Sherlock Holmes (letter) [Danek] (reply) [West- 
moreland] 350 (Ap) 

Long QT Syndrome 

Asymmetry of sympathetic consequences of experimental 
stroke [Hachinski] 697 (Jy) 

Effect of age on autonomic and cardiac responses in a rat 
stroke model [Hachinski] 690 (Jy) 

Longitudinal Studies 

Decline in cognitive performance in aging twins: heritabil- 
ity and biobehavioral predictors from the National Heart, 
Lung, and Blood Institute Twin study [Swan] 476 
(My) 

Hotimate of the incidence of depression in idiopathic Par- 
kinson’s disease [Dooneief] 305 (Mr) 

Event-related potentials in human immunodeficiency virus 
infection: a prospective study [Messenheimer] 396 (Ap) 

Neurologic signs in Alzheimer’s disease: results of a pro- 
spective clinical and neuropathologic study [Férstl] 1038 
(Oc) 

Psychometric discrimination of moderate senile dementia 
of the Alzheimer type [Hill] 377 (Ap) 

Topography of cross-sectional and longitudinal glucose met- 
abolic deficits in Alzheimer’s disease: pathophysiologic 
implications [Smith] 1142 (No) 

Lower Extremity see Leg 

Lumbar Puncture see Spinal Puncture 

Lung Neoplasms 

Malignant tumors in the pituitary gland [Juneau] 555 (My) 

Lung Volume Measurements 

Acute intracranial lesions and respiratory sinus arrhythmia 
[Frank] 1200 (No) 

Lyme Disease 

Absence of Lyme borreliosis among patients with presumed 
Bell's palsy [Kuiper] 940 (Se) 

Cognitive function in late Lyme borreliosis (letter) [Cam- 
eron] (reply) [Krupp] 1011 (Oc) 

Lyme disease revisited (letter) [Goldman] 901 (Se) 

Nervous system Lyme borreliosis—revisited [Finkel] 102 (Ja) 

Lymphocytes 

Cytokine secretion by multiple sclerosis monocytes: rela- 
tionship to disease activity [Rudick] 265 (Mr) 

T-Lymphocytes 

Cytokine secretion by multiple sclerosis monocytes: rela- 
tionship to disease activity [Rudick] 265 (Mr) 

Prospective study of depression and immune dysregulation 
in multiple sclerosis [Foley] 238 (Mr) 

Lymphoma 

Pilot study on the influence of a corticotropin (4-9) analogue 
on Vinca-alkaloid induced neuropathy [van Kooten] 1027 
(Oc) 

Lymphoma, Non-Hodgkin’s 

Pilot study on the influence of a corticotropin (4-9) analogue 
on Vinca-alkaloid induced neuropathy [van Kooten] 1027 
(Oc) 

Lysosomes 

Wilson's disease: hypothesis of a deficiency of copper ex- 
cretion via the endosome to the bile (letter) [Van Hoof] 
800 (Au) 
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Machado-Joseph Disease see Spinocerebellar Degenera- 
tion 
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Elevated neopterin levels in Guillain-Barré syndrome: fur- 
ther evidence of immune activation [Bansil] 1277 (De) 
Subacute idiopathic demyelinating polyradiculoneuropa- 

thy [Hughes] 612 (Je) 

Macular Degeneration 

Retinocalcarine function in Alzheimer’s disease: a clinical 
and electrophysiological study [Rizzo] 93 (Ja) 

Magnetic Resonance Imaging 

Acute radicular pain as a presenting symptom in multiple 
sclerosis [Ramirez-Lassepas] 255 (Mr) 

Age-related differences in volumes of subcortical nuclei, 
brain matter, and cerebrospinal fluid in healthy men as 
measured with magnetic resonance imaging [Murphy] 
839 (Au) 

Age-related regional differences in cerebellar vermis ob- 
served in vivo [Raz] 412 (Ap) 

Binswanger’s disease and German translations (letter) 
[Moossy] (reply) [Blass] 799 (Au) 

Biological significance of iron-related magnetic resonance 
imaging changes in the brain [Pujol] 711 (Jy) 

Breathing is controlled independently by voluntary, emo- 
tional, and metabolically related pathways (letter) [Plum] 
441 (My) 

Callosal morphology concurs with neurobehavioral and 
neuropathological findings in 2 neurodevelopmental dis- 
orders [Wang] 407 (Ap) 

Cerebral brain metabolism in adult dyslexic subjects as- 
sessed with positron emission tomography during per- 
formance of an auditory task [Hagman] 734 (Jy) 

Cerebral white matter and cognition in hydrocephalic chil- 
dren [Fletcher] 818 (Au) 

Combined trochlear nerve palsy and internuclear ophthal- 
moplegia [Vanooteghem] 108 (Ja) 

Comparative analysis of computed tomographic and mag- 
netic resonance imaging scans in Alzheimer patients and 
controls [Sandor] 381 (Ap) 

Developmental consequences of childhood frontal lobe dam- 
age [Eslinger] 764 (Jy) 

Double cortex: a neuronal migration anomaly as a possible 
cause of Lennox-Gastaut syndrome [Ricci] 61 (Ja) 

Early predictors of poor outcome in congenital fiber-type 
disproportion myopathy [Torres] 855 (Au) 

Event-related potential P300 in multiple sclerosis: relation 
to magnetic resonance imaging and cognitive impair- 
ment [Honig] 44 (Ja) 

Frontal lobe dysfunction in unilateral lenticulostriate inf- 
arcts: prominent role of cortical lesions [Godefroy] 1285 
(De) 

Further observations on the pathology of subcortical lesions 
identified on magnetic resonance imaging [Chimowitz] 
747 (Jy) 

Gadolinium-pentetic acid magnetic resonance imaging in 
patients with relapsing remitting multiple sclerosis 
[Capra] 687 (Jy) 

Immunodiagnosis of neurocysticercosis: disappointing per- 
formance of serology (enzyme-linked immunosorbent as- 
say) in an unbiased sample of neurological patients [Ra- 
mos-Kuri] 633 (Je) 

Magnetic resonance imaging lesion enlargement in multi- 
ple sclerosis: disease-related activity, chance occurrence, 
or measurement artifact? [Goodkin] 261 (Mr) 

Magnetic resonance imaging signal hyperintensities in the 
deep and subcortical white matter: a comparative study 
between stroke patients and normal volunteers [Schmidt] 
825 (Au) 

Malignant tumors in the pituitary gland [Juneau] 555 (My) 

Mechanisms of interhemispheric transfer and patterns of 
cognitive function in acallosal patients of normal intelli- 
gence [Fischer] 271 (Mr) 

Murder, insanity, and medical expert witnesses [Ciccone] 
608 (Je) 

Neuropsychiatric correlates of cerebral white-matter radi- 
olucencies in probable Alzheimer’s disease [Lopez] 828 
(Au) 

Neuropsychological correlates of white-matter lesions in 
healthy elderly subjects: a threshold effect [Boone] 549 
(My) 

Neuropsychological importance of subcortical white matter 
hyperintensity [Tupler] 1248 (De) 

Normal-pressure hydrocephalus: is cisternography still use- 
ful in selecting patients for a shunt? [Vanneste] 366 (Ap) 

Persistent worsening of stroke sequelae after delayed sei- 
zures [Bogousslavsky] 385 (Ap) 

Presurgical electroencephalographic patterns and outcome 
from anterior temporal lobectomy [Barry] 21 (Ja) 

Progressive amusia and aprosody [Confavreux] 971 (Se) 

Progressive vision loss: a rare manifestation of familial cav- 
ernous angiomas [Malik] 170 (Fe) 

Prospective controlled study of magnetic resonance imag- 
ing of the brain in gay men and parenteral drug users 
with human immunodeficiency virus infection [Dooneief] 
38 (Ja) 

Psychiatric disturbances in metachromatic leukodystrophy: 
insights into the neurobiology of psychosis [Hyde] 401 
(Ap) 

r CN oculomotor palsy due to midbrain infarction 
(letter) [Kumar] 348 (Ap) 

Reduction of the substantia nigra width and motor decline 
in aging and Parkinson's disease [Pujol] 1119 (No) 

Risk factors for the neurologic complications associated with 
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aortic aneurysms [Lynch] 284 (Mr) 

Sciatic neuropathy associated with persistent sciatic artery 
[Gasecki] 967 (Se) 

Serial changes of cerebral glucose metabolism and caudate 
size in persons at risk for Huntington's disease [Grafton] 
1161 (No) 

Severity of vascular dementia is related to volume of met- 
abolically impaired tissue [Mielke] 909 (Se) 

Sleep disturbance, depression, and lesion site in patients 
with multiple sclerosis [Clark] 641 (Je) 

Spinal epidural abscess: early detection with gadolinium 
magnetic resonance imaging [Teman] 743 (Jy) 

Three-dimensional in vivo mapping of brain lesions in hu- 
mans [Damasio] 137 (Fe) 

Value of brain magnetic resonance imaging in multiple 
sclerosis [Rudick] 685 (Jy) 

White-matter hyperintensity and neuropsychological func- 
tions in dementia and healthy aging [Almkvist] 626 (Je) 

Magnetic Resonance Spectroscopy see Nuclear Magnetic 
Resonance 

Magnetics 

H-reflex to magnetic stimulation of lower-limb nerves [Zhu] 
66 (Ja) 

Major Histocompatibility Complex 

Astrocyte expression of major histocompatibility complex 
gene products in multiple sclerosis brain tissue obtained 
by stereotactic biopsy [Ransohoff] 48:1244 (De); correc- 
tion, 49:752 (Jy) 

Open controlled therapeutic trial of intravenous immune 
globulin in relapsing-remitting multiple sclerosis [Achi- 
ron] 1233 (De) 

Mania see Manic Disorder 

Manic Disorder 

Hypersexuality following septal injury [Gorman] 308 (Mr) 

Selegiline and manic behavior in Parkinson's disease (letter) 
[Kurlan] 1231 (De) 

Medial Forebrain Bundle 

Weight loss in Huntington's disease (letter) [Kremer] 349 
(Ap) 

Median Forebrain Bundle see Medial Forebrain Bundle 

Medicare 

Cost-containment and the practice of neurology: the conflict 
of canons [Menken] 877 (Au) 

Memory 

Establishing the limits of the Mini-Mental State: examina- 
tion of ‘subtests’ [Feher] 87 (Ja) 

Visual memory deficits after damage to the anterior com- 
missure and right fornix [Botez-Marquard] 321 (Mr) 

Memory Disorders 

Columbia University Scale for psychopathology in Alzhe- 
imer’s disease [Devanand] 371 (Ap) 

Contributions of the left intralaminar and medial thalamic 
nuclei to memory: comparisons and report of a case [Men- 
nemeier] 1050 (Oc) 

Detection and staging of dementia in Alzheimer’s disease: 
use of the neuropsychological measures developed for 
the consortium to establish a registry for Alzheimer’s 
disease [Welsh] 448 (My) 

Diagnosis of dementia in a heterogeneous population: com- 
parison of paradigm-based diagnosis and physician's di- 
agnosis [Pittman] 461 (My) 

Event-related potential P300 in multiple sclerosis: relation 
to magnetic resonance imaging and cognitive impair- 
ment [Honig] 44 (Ja) 

‘Fatigue’ in patients with multiple sclerosis: motor pathway 
conduction and event-related potentials [Sandroni] 517 
(My) 

Gerstmann’s syndrome [Benton] 445 (My) 

Gist recall in multiple sclerosis [Goldstein] 1060 (Oc) 

Immediate and delayed prose recall among normal and 
demented adults [Robinson-Whelen] 32 (Ja) 

Neuropsychological correlates of white-matter lesions in 
healthy elderly subjects: a threshold effect [Boone] 549 
(My) 

Technetium-99m HM-PAO single photon emission com- 
puted tomography imaging in transient global amnesia 
[Laloux] 543 (My) 

Visual memory deficits after damage to the anterior com- 
missure and right fornix [Botez-Marquard] 321 (Mr) 

Meningioma 

Meningiomas are not significantly associated with breast 
cancer [Jacobs] 753 (Jy) 

Meningitis 

Humoral and cellular immunologic study of cerebrospinal 
fluid in a patient with Behcet encephalitis [Jongen] 1075 
(Oc) 

Nervous system Lyme borreliosis—revisited [Finkel] 102 (Ja) 

Meningitis, Aseptic 

Treatment of neurosarcoidosis with cyclosporine [Stern] 
1065 (Oc) 

Meningocele a 

Cerebral white matter and cognition in hydrocephalic chil- 
dren [Fletcher] 818 (Au) 

Meningomyelocele 

Cerebral white matter and cognition in hydrocephalic chil- 
dren [Fletcher] 818 (Au) 

Menopause 

Pathogenesis of Tourette’s syndrome: possible role for hor- 
monal and excitatory neurotransmitter influences in brain 
development [Kurlan] 874 (Au) 
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Mental Disorders 

Clinical diagnosis of Alzheimer’s disease and other demen- 
tias in a population survey: agreement and causes of 
disagreement in applying Diagnostic and Statistical Man- 
ual of Mental Disorders, revised third edition, criteria 
[Fratiglioni] 927 (Se) 

Suicide and patients with neurologic diseases: methodolog- 
ic problems [Stenager] 1296 (De) 

Mental Retardation 

Callosal morphology concurs with neurobehavioral and 
neuropathological findings in 2 neurodevelopmental dis- 
orders [Wang] 407 (Ap) 

Mental Status Schedule 

Double-blind parallel design pilot study of acetyl levocar- 
nitine in patients with Alzheimer’s disease [Sano] 1137 
(No) 

Establishing the limits of the Mini-Mental State: examina- 
tion of ‘subtests’ [Feher] 87 (Ja) 

Mental Tests see Intelligence Tests 

Mercury 

Role of physical exercise in the occurrence of Parkinson's 
disease [Sasco] 360 (Ap) 

Mesencephalon 

Pathogenesis of Tourette’s syndrome: possible role for hor- 
monal and excitatory neurotransmitter influences in brain 
development [Kurlan] 874 (Au) 

Pupil-sparing oculomotor palsy due to midbrain infarction 
(letter) [Kumar] 348 (Ap) 

Reduction of the substantia nigra width and motor decline 
in aging and Parkinson’s disease [Pujol] 1119 (No) 

Violence: the neurologic contribution: an overview [Elliott] 
595 (Je) 

Metabolic Diseases 

Topography of cross-sectional and longitudinal glucose met- 
abolic deficits in Alzheimer’s disease: pathophysiologic 
implications [Smith] 1142 (No) 

Metabolism 

Cerebral brain metabolism in adult dyslexic subjects as- 
sessed with positron emission tomography during per- 
formance of an auditory task [Hagman] 734 (Jy) 

Cerebral glucose metabolism in Parkinson’s disease with 
and without dementia [Peppard] 1262 (De) 

Serial changes of cerebral glucose metabolism and caudate 
size in persons at risk for Huntington's disease [Grafton] 
1161 (No) 

Vitamin B, metabolism in multiple sclerosis [Reynolds] 649 
(Je) 

Metallothionein 

Increased metallothionein in the liver and kidney of pa- 
tients with amyotrophic lateral sclerosis [Sillevis Smitt] 
721 (Jy) 

Methotrexate 

Neurophysiological basis of cognitive deficits in long-term 
survivors of childhood cancer [Moore] 809 (Au) 

Methyldopa 

Population-based investigation of Parkinson’s disease with 
and without dementia: relationship to age and gender 
[Mayeux] 492 (My) 

Methy!Iprednisolone 

Central nervous system involvement in the eosinophilia- 
myalgia syndrome [Lynn] 1082 (Oc) 

Magnetic resonance imaging lesion enlargement in multi- 
ple sclerosis: disease-related activity, chance occurrence, 
or measurement artifact? [Goodkin] 261 (Mr) 

Methyltrienolone see Metribolone 

Metribolone 

Thiomolybdates in the treatment of Wilson’s disease (letter) 
[Walshe] (reply) [Brewer] 132 (Fe) 

Midbrain see Mesencephalon 

Migraine 

Dose ranging efficacy and safety of subcutaneous sumatrip- 
tan in the acute treatment of migraine [Mathew] 1271 (De) 

Headaches in children younger than 7 years of age [Chu] 79 
(Ja) 

Headaches preceded by visual aura among adolescents and 
young adults: a population-based survey [Linet] 512 (My) 

Interrelations between migraine and tension-type headache 
in the general population [Rasmussen] 914 (Se) 

Suicide and patients with neurologic diseases: methodolog- 
ic problems [Stenager] 1296 (De) 

Technetium-99m HM-PAO single photon emission com- 
puted tomography imaging in transient global amnesia 
[Laloux] 543 (My) 

Mitochondria 

Familial occurrence of Parkinson’s disease: lack of evidence 
for maternal inheritance [Zweig] 1205 (No) 

Mitochondrial myopathy or chronic inflammatory demy- 
elinating polyneuropathy (CIDP)? (letter) [Krendel] (re- 
ply) [Bernsen] 1111 (No) 

Neuropsychological features of mitochondrial myopathies 
and encephalomyopathies [Kartsounis] 158 (Fe) 

Models, Statistical 

Magnetic resonance imaging lesion enlargement in multi- 
ple sclerosis: disease-related activity, chance occurrence, 
or measurement artifact? [Goodkin] 261 (Mr) 

Monoclonal Antibodies see Antibodies, Monoclonal 

Monocytes 

Cytokine secretion by multiple sclerosis monocytes: rela- 
tionship to disease activity [Rudick] 265 (Mr) 
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Neurologic disease described in the Journal of Empirical Psy- 
chology (Gnothi Sauton oder Magazin zur Erfahrungsseelen- 
kunde), 1783-1793 [Förstl] 187 (Fe) 

Mortality 

Mortality from motor neuron disease in the province of 
Bologna, Italy, 1986 through 1988 [Ferro] 661 (Je) 

Violent brain injuries by gunshot in Duval County, Florida, 
1989-1991 (letter) [Deshmukh] 588 (Je) 

Motor Activity 

Effects of cigarette smoking on motor functions in patients 
with multiple sclerosis [Emre] 1243 (De) 

Plasma vitamin Bı level as a potential cofactor in studies of 
human immunodeficiency virus type 1-related cognitive 
changes [Beach] 501 (My) 

Motor Neuron Disease 

Cerebral glucose utilization in motor neuron disease [Hoff- 
man] 849 (Au) 

Flexor plantar responses in children with upper motor neu- 
ron lesions [Marcus] 1198 (No) 

Mortality from motor neuron disease in the province of 
Bologna, Italy, 1986 through 1988 [Ferro] 661 (Je) 

Movement Disorders 

Dopamine agonist treatment of fluctuating Parkinsonism: 
D-2 (controlled-release MK-458) vs combined D-1 and 
D-2 (pergolide) [Ahlskog] 560 (My) 

Effect of long-term therapy on the pharmacodynamics of 
levodopa: relation to on-off phenomenon [Nutt] 1123 (No) 

Supplementary and primary sensory motor area activity in 
Parkinson’s disease: regional cerebral blood flow changes 
during finger movements and effects of apomorphine 
[Rascol] 144 (Fe) 

MR Spectroscopy see Nuclear Magnetic Resonance 

Multiple Sclerosis 

Acute radicular pain as a presenting symptom in multiple 
sclerosis [Ramirez-Lassepas] 255 (Mr) 

Antispasticity effect of threonine in multiple sclerosis {[Haus- 
er] 923 (Se) 

Astrocyte expression of major histocompatibility complex 
gene products in multiple sclerosis brain tissue obtained 
by stereotactic biopsy [Ransohoff] 48:1244 (De); correc- 
tion, 49:752 (Jy) 

Biologically significant serum vitamin B, deficiency in mul- 
tiple sclerosis inadequately documented (letter) [Good- 
kin] (reply) [Reynolds] 683 (Jy) 

Cytokine secretion by multiple sclerosis monocytes: rela- 
tionship to disease activity [Rudick] 265 (Mr) 

Effects of cigarette smoking on motor functions in patients 
with multiple sclerosis [Emre] 1243 (De) 

Event-related potential P300 in multiple sclerosis: relation 
to magnetic resonance imaging and cognitive impair- 
ment [Honig] 44 (Ja) 

‘Fatigue’ in patients with multiple sclerosis: motor pathway 
conduction and event-related potentials [Sandroni] 517 
(My) 

Gadolinium-pentetic acid magnetic resonance imaging in 
patients with relapsing remitting multiple sclerosis [Ca- 
pra] 687 (Jy) 

Gist recall in multiple sclerosis [Goldstein] 1060 (Oc) 

In vivo phosphorus magnetic resonance spectroscopy in 
multiple sclerosis [Minderhoud] 161 (Fe) 

Magnetic resonance imaging lesion enlargement in multi- 
ple sclerosis: disease-related activity, chance occurrence, 
or measurement artifact? [Goodkin] 261 (Mr) 

Multiple sclerosis as a cause of atrial fibrillation and elec- 
trocardiographic changes [Schroth] 422 (Ap) 

Neuropsychological correlates of white-matter lesions in 
healthy elderly subjects: a threshold effect [Boone] 549 
(My) 

Open controlled therapeutic trial of intravenous immune 
globulin in relapsing-remitting multiple sclerosis [Achi- 
ron] 1233 (De) 

Prospective study of depression and immune dysregulation 
in multiple sclerosis [Foley] 238 (Mr) 

Quality of life in multiple sclerosis: comparison with in- 
flammatory bowel disease and rheumatoid arthritis [Ru- 
dick] 1237 (De) 

Sleep disturbance, depression, and lesion site in patients 
with multiple sclerosis [Clark] 641 (Je) 

Suicide and patients with neurologic diseases: methodolog- 
ic problems [Stenager] 1296 (De) 

Value of brain magnetic resonance imaging in multiple 
sclerosis [Rudick] 685 (Jy) 

Vitamin Bı metabolism in multiple sclerosis [Reynolds] 649 
(Je) 

Multivariate Analysis 

Detection and staging of dementia in Alzheimer’s disease: 
use of the neuropsychological measures developed for 
the consortium to establish a registry for Alzheimer’s 
disease [Welsh] 448 (My) 

Neurologic and neuropsychological manifestations of hu- 
man immunodeficiency virus infection in intravenous 
drug users without acquired immunodeficiency syndrome: 
relationship to head injury [Marder] 1169 (No) 

Role of physical exercise in the occurrence of Parkinson’s 
disease [Sasco] 360 (Ap) 

Topography of cross-sectional and longitudinal glucose met- 
abolic deficits in Alzheimer’s disease: pathophysiologic 
implications [Smith] 1142 (No) 

Munchausen Syndrome 

Role of a sleep disorder center in evaluating sleep violence 


[Mahowald] 604 (Je) 

Muscle Spasticity 

Antispasticity effect of threonine in multiple sclerosis [Haus- 
er] 923 (Se) 

Flexor plantar responses in children with upper motor neu- 
ron lesions [Marcus] 1198 (No) 

Muscles 

Large New England kindred with autosomal dominant neu- 
rogenic scapuloperoneal amyotrophy with unique fea- 
tures [DeLong] 905 (Se) 

Neuropsychological features of mitochondrial myopathies 
and encephalomyopathies [Kartsounis] 158 (Fe) 

Muscular Diseases 

Progressive nemaline (rod) myopathy as a presentation of 
human immunodeficiency virus infection (letter) 
[Dwyer] 440 (My) 

Myasthenia Gravis 

Geographic opinions on speech impairment in myasthenia 
gravis (letter) [D’Alessandro] 346 (Ap) 

Myelin Proteins 

Longitudinal neurophysiologic studies in a patient with 
metachromatic leukodystrophy following bone marrow 
transplantation [Dhuna] 1088 (Oc) 

Myers-Briggs Type Indicator see Personality Inventory 

Myoclonic Epilepsy, Progressive see Epilepsy, Myoclonic 

Myoclonus 

Cerebral blood flow deficits in hereditary essential myo- 
clonus [Delecluse] 179 (Fe); correction, 873 (Au) 

Neurologic signs in Alzheimer’s disease: results of a pro- 
spective clinical and neuropathologic study [Férstl] 1038 
(Oc) 

Role of dominant premotor cortex and grapheme to pho- 
neme transformation in reading epilepsy: a neuroana- 
tomic, neurophysiologic, and neuropsychological study 
[Ritaccio] 933 (Se) 

Role of hypotension in septic encephalopathy following 
surgical procedures [Wijdicks] 653 (Je) 

Myotonia 

Myotonia fluctuans (letter) [Lennox] 1010 (Oc) 

Myotonia Atrophica 

Large New England kindred with autosomal dominant neu- 
rogenic scapuloperoneal amyotrophy with unique fea- 
tures [DeLong] 905 (Se) 

Oculomotor, auditory, and vestibular responses in myo- 
tonic dystrophy [Verhagen] 954 (Se) 
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Nausea 

Headaches in children younger than 7 years of age [Chu] 79 
(Ja) 

Neoplasm Metastasis 

Hydrocephalus following spinal cord schwannoma resec- 
tion [Bland] 882 (Au) 

Intra-arterial cisplatin-associated optic and otic toxicity 
[Maiese] 83 (Ja) 

Malignant tumors in the pituitary gland [Juneau] 555 (My) 

Meningiomas are not significantly associated with breast 
cancer [Jacobs] 753 (Jy) 

Neoplasm Staging 

Detection and staging of dementia in Alzheimer’s disease: 
use of the neuropsychological measures developed for 
the consortium to establish a registry for Alzheimer’s 
disease [Welsh] 448 (My) 

Neoplasms 

Neurophysiological basis of cognitive deficits in long-term 
survivors of childhood cancer [Moore] 809 (Au) 

Neoplasms, Multiple Primary 

Meningiomas are not significantly associated with breast 
cancer [Jacobs] 753 (Jy) 

Neopterin 

Elevated neopterin levels in Guillain-Barré syndrome: fur- 
ther evidence of immune activation [Bansil] 1277 (De) 

Nerve Conduction see Neural Conduction 

Nerve Degeneration 

Asymmetric cortical degeneration syndromes: a proposed 
clinical classification [Caselli] 770 (Jy) 

Neurologic signs in Alzheimer’s disease: results of a pro- 
spective clinical and neuropathologic study [Férstl] 1038 
(Oc) 

Neuropsychological features of mitochondrial myopathies 
and encephalomyopathies [Kartsounis] 158 (Fe) 

Nervous System Diseases 

Mitochondrial myopathy or chronic inflammatory demy- 
elinating polyneuropathy (CIDP)? (letter) [Krendel] (re- 
ply) [Bernsen] 1111 (No) 

Multiple sclerosis as a cause of atrial fibrillation and elec- 
trocardiographic changes [Schroth] 422 (Ap) 

Psychiatric disturbances in metachromatic leukodystrophy: 
insights into the neurobiology of psychosis [Hyde] 401 
(Ap) 

Neural Conduction 

Brain-stem auditory evoked potentials in human immun- 
odeficiency virus-seropositive patients with and without 
acquired immunodeficiency syndrome [Pagano] 166 (Fe) 

H-reflex to magnetic stimulation of lower-limb nerves [Zhu] 
66 (Ja) 

Mitochondrial myopathy or chronic inflammatory demy- 
elinating polyneuropathy (CIDP)? (letter) [Krendel] (re- 
ply) [Bernsen] 1111 (No) 


Subject Index 


Sensory testing in human immunodeficiency virus type 
1-infected men [Gulevich] 1281 (De) 

Subacute idiopathic demyelinating polyradiculoneuropa- 
thy [Hughes] 612 (Je) 

Variations in dorsomedial hand innervation: electrodiag- 
nostic implications [Peterson] 870 (Au) 

Neuroanatomy 

Violence: the neurologic contribution: an overview [Elliott] 
595 (Je) 

Neurobiology 

Psychiatric disturbances in metachromatic leukodystrophy: 
insights into the neurobiology of psychosis [Hyde] 401 
(Ap) 

Neurocysticercosis 

Neurocysticercosis and human immunodeficiency virus in- 
fection: a possible association [Thornton] 963 (Se) 

Neurofibrillary Tangles 

Cerebral glucose metabolism in Parkinson's disease with 
and without dementia [Peppard] 1262 (De) 

Evidence for early vulnerability of the medial and inferior 
aspects of the temporal lobe in an 82-year-old patient with 
preclinical signs of dementia: regional and laminar dis- 
tribution of neurofibrillary tangles and senile plaques 
[Hof] 946 (Se) 

Neuroleptic Malignant Syndrome 

N-methyl-D-aspartate antagonists, schizophrenia, and neu- 
roleptic malignant syndrome (letter) [Weller] 900, (reply) 
[Greenamyre] 901 (Se) 

Neuroleptics see Tranquilizing Agents, Major 

Neurologic Manifestations 

Meaning of Sherlock Holmes (letter) [Danek] (reply) [West- 
moreland] 350 (Ap) 

Neurologic manifestations of progressive systemic sclerosis 
[Averbuch-Heller] 1292 (De) 

Neurology 

Cost-containment and the practice of neurology: the conflict 
of canons [Menken] 877 (Au) 

Grappling with the enigma of violence: an educational ap- 
proach [Menken] 592 (Je) 

Practice guidelines in neurology: will they get us where we 
want to go? [Menken] 193 (Fe) 

Neuromuscular Diseases 

Mitochondrial myopathy or chronic inflammatory demy- 
elinating polyneuropathy (CIDP)? (letter) [Krendel] (re- 
ply) [Bernsen] 1111 (No) 

Neuron Degeneration see Nerve Degeneration 

Neurons 

Locus coeruleus involvement in Huntington's disease 
[Zweig] 152 (Fe) 

Neuropathies, Hereditary Motor and Sensory 

Significance of F-chronodispersion in the electrodiagnosis 
of Guillain-Barré syndrome and other motor neuropa- 
thies (letter) [Panayiotopoulos] 217 (Mr) 

Neurophysiology 

Longitudinal neurophysiologic studies in a patient with 
metachromatic leukodystrophy following bone marrow 
transplantation [Dhuna] 1088 (Oc) 

Neurophysiological basis of cognitive deficits in long-term 
survivors of childhood cancer [Moore] 809 (Au) 

Significance of F-chronodispersion in the electrodiagnosis 
of Guillain-Barré syndrome and other motor neuropa- 
thies (letter) [Panayiotopoulos] 217 (Mr) 

Subacute idiopathic demyelinating polyradiculoneuropa- 
thy [Hughes] 612 (Je) 

Neuropsychological Tests 

Age-related regional differences in cerebellar vermis ob- 
served in vivo [Raz] 412 (Ap) 

Cerebral glucose metabolism in Parkinson’s disease with 
and without dementia [Peppard] 1262 (De) 

Cognitive function in late Lyme borreliosis (letter) [Cam- 
eron] (reply) [Krupp] 1011 (Oc) 

Comparisons of verbal fluency tasks in the detection of 
dementia of the Alzheimer type [Monsch] 1253 (De) 
Contributions of the left intralaminar and medial thalamic 
nuclei to memory: comparisons and report of a case [Men- 

nemeier] 1050 (Oc) 

Detection and staging of dementia in Alzheimer’s disease: 
use of the neuropsychological measures developed for 
the consortium to establish a registry for Alzheimer’s 
disease [Welsh] 448 (My) 

Developmental consequences of childhood frontal lobe dam- 
age [Eslinger] 764 (Jy) 

Diagnosis of dementia in a heterogeneous population: de- 
velopment of a neuropsychological paradigm-based di- 
agnosis of dementia and quantified correction for the 
effects of education [Stern] 453 (My) 

Establishing the limits of the Mini-Mental State: examina- 
tion of ‘subtests’ [Feher] 87 (Ja) 

Event-related potentials in human immunodeficiency virus 
infection: a prospective study [Messenheimer] 396 
(Ap) 

Frontal lobe dysfunction in unilateral lenticulostriate inf- 
arcts: prominent role of cortical lesions [Godefroy] 1285 
(De) 

Landau-Kleffner syndrome or ‘acquired aphasia with con- 
vulsive disorder’: long-term follow-up of 6 children and 
a review of the recent literature [Paquier] 354 (Ap) 

Lesion localization in apractic agraphia | Alexander] 246 (Mr) 

Matching-to-sample deficits in patients with senile demen- 
tias of the Alzheimer and Lewy body types [Sahgal] 1043 
(Oc) 


Arch Neurol—Vol 49, December 1992 


Mechanisms of interhemispheric transfer and patterns of 
cognitive function in acallosal patients of normal intelli- 
gence [Fischer] 271 (Mr) 

Methodologic considerations in neuropsychologic testing of 
ataxic patients (letter) [Lalonde] (reply) [Berent] 218 
(Mr) 

Neurologic and neuropsychological manifestations of hu- 
man immunodeficiency virus infection in intravenous 
drug users without acquired immunodeficiency syndrome: 
relationship to head injury [Marder] 1169 (No) 

Neuropsychiatric correlates of cerebral white-matter radi- 
olucencies in probable Alzheimer’s disease [Lopez] 828 
(Au) 

Neuropsychological correlates of white-maitter lesions in 
healthy elderly subjects: a threshold effect [Boone] 549 
(My) 

Neuropsychological importance of subcortical white matter 
hyperintensity [Tupler] 1248 (De) 

Plasma vitamin B» level as a potential cofactor in studies of 
human immunodeficiency virus type 1-related cognitive 
changes [Beach] 501 (My) 

Population-based investigation of Parkinson's disease with 
and without dementia: relationship to age and gender 
[Mayeux] 492 (My) 

Presurgical electroencephalographic patterns and outcome 
from anterior temporal lobectomy [Barry] 21 (Ja) 

Progressive amusia and aprosody [Confavreux] 971 (Se) 

Prospective controlled study of magnetic resonance imag- 
ing of the brain in gay men and parenteral drug users 
with human immunodeficiency virus infection [Dooneief] 
38 (Ja) 

Psychometric discrimination of moderate senile dementia 
of the Alzheimer type [Hill] 377 (Ap) 

Treatment trial of oxiracetam in Alzheimer’s disease [Green] 
1135 (No) 

Visual memory deficits after damage to the anterior com- 
missure and right fornix [Botez-Marquard] 321 (Mr) 
White-matter hyperintensity and neuropsychological func- 

tions in dementia and healthy aging [Almkvist] 626 (Je) 

Neuropsychology 

Failure to activate the left temporoparietal cortex in dys- 
lexia: an oxygen 15 positron emission tomographic study 
[Rumsey] 527 (My) 

Gerstmann’s syndrome [Benton] 445 (My) 

Neurologic disease described in the Journal of Empirical Psy- 
chology (Gnothi Sauton oder Magazin zur Erfahrungsseelen- 
kunde), 1783-1793 [Forstl] 187 (Fe) 

Neuropsychological features of mitochondrial myopathies 
and encephalomyopathies [Kartsounis] 158 (Fe) 

Neuropsychological importance of subcortical white matter 
hyperintensity [Tupler] 1248 (De) 

Neuropsychology of the cerebellum: an emerging concept 
(letter) [Botez] 1229, (reply) [Schmahmann] 1230 (De) 

Neuroregulators 

Cerebral glucose metabolism in Parkinson's disease with 
and without dementia [Peppard] 1262 (De) 

Increased sympathetic and decreased parasympathetic car- 
diac innervation in patients with Alzheimer’s disease [Aha- 
ron-Peretz] 919 (Se) 

Pathogenesis of Tourette’s syndrome: possible role for hor- 
monal and excitatory neurotransmitter influences in brain 
development [Kurlan] 874 (Au) 

Neurosciences 

Cost-containment and the practice of neurology: the conflict 
of canons [Menken] 877 (Au) 

Neurosyphilis 

Neurosyphilis and human immunodeficiency virus type 2 
infection (letter) [Savall] 440 (My) 

Neurotic Disorders 

Personality changes in Alzheimer’s disease [Chatterjee] 486 
(My) 

Neurotoxins 

Do NMDA antagonists prevent neuronal injury? yes [Al- 
bers] 418; no [Buchan] 420; NMDA antagonist protection 
from neuronal injury [Hachinski] 421 (Ap) 

Neurocognitive effects of aluminum [Bolla] 1021 (Oc) 

Neurotransmitters see Neuroregulators 

Neutropenia 

Open controlled therapeutic trial of intravenous immune 
globulin in relapsing-remitting multiple sclerosis [Achi- 
ron] 1233 (De) 

Neutrophils 

Large New England kindred with autosomal dominant neu- 
rogenic scapuloperoneal amyotrophy with unique fea- 
tures [DeLong] 905 (Se) 

New York City 

Population-based investigation of Parkinson’s disease with 
and without dementia: relationship to age and gender 
[Mayeux] 492 (My) 

Nicotine 

Effects of cigarette smoking on motor functions in patients 
with multiple sclerosis [Emre] 1243 (De) 

Niemann-Pick Disease 

Evaluation of cerebral biopsies for the diagnosis of demen- 
tia [Hulette] 28 (Ja) 

Nightmares see Dreams 

NMDA Receptor-lonophore Complex see Receptor, 
N-Methyl-D-Aspartate 

Non-Hodgkin’s Lymphoma see Lymphoma, Non-Hodgkin’s 

Nootropic Drugs see Psychotropic Drugs 


Norepinephrine 

Asymmetry of sympathetic consequences of experimental 
stroke [Hachinski] 697 (Jy) 

Effect of age on autonomic and cardiac responses in a rat 
stroke model [Hachinski] 690 (Jy) 

Locus coeruleus involvement in Huntington’s disease 
[Zweig] 152 (Fe) 

Neuropathologic and neurochemical correlates of psycho- 
sis in primary dementia [Zubenko] 48:619 (Je); correction, 
49:1064 (Oc) 

Nortriptyline 

Selegiline and manic behavior in Parkinson's disease (letter) 
[Kurlan] 1231 (De) 

Nuclear Magnetic Resonance 

In vivo phosphorus magnetic resonance spectroscopy in 
multiple sclerosis [Minderhoud] 161 (Fe) 

Nystagmus 

Transient unresponsiveness in the elderly: report of 5 cases 
[Haimovic] 35 (Ja) 
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Obsessive-Compulsive Disorder 

Cerebral metabolism and depression in patients with com- 
plex partial seizures [Bromfield] 617 (Je); correction, 976 
(Se) 

Pathogenesis of Tourette's syndrome: possible role for hor- 
monal and excitatory neurotransmitter influences in brain 
development [Kurlan] 874 (Au) 

Occipital Lobe 

Dissociation of color from object in amnesia [Schnider] 982 
(Se) 

Distinct syndromes of hemineglect [Binder] 1187 (No) 

Oculomotor Muscles 

Oculomotor, auditory, and vestibular responses in myo- 
tonic dystrophy [Verhagen] 954 (Se) 

Oculomotor Nerve 

Brain stem viewed in situ from above (letter) [Ropper] 1230 
(De) 

Thalamic stroke: presentation and prognosis of infarcts and 
hemorrhages [Steinke] 703 (Jy) 

Oculomotor Nerve Paralysis 

Combined trochlear nerve palsy and internuclear ophthal- 
moplegia [Vanooteghem] 108 (Ja) 

Oculomotor Paralysis see Ophthalmoplegia 

Olivopontocerebellar Atrophy 

Methodologic considerations in neuropsychologic testing of 
ataxic patients (letter) [Lalonde] (reply) [Berent] 218 (Mr) 

Population-based investigation of Parkinson's disease with 
and without dementia: relationship to age and gender 
[Mayeux] 492 (My) 

Ophthalmoplegia 

Combined trochlear nerve palsy and internuclear ophthal- 
moplegia [Vanooteghem] 108 (Ja) 

Malignant tumors in the pituitary gland [Juneau] 555 (My) 

Pupil-sparing oculomotor palsy due to midbrain infarction 
(letter) [Kumar] 348 (Ap) 

Opportunistic Infections 

Brain-stem auditory evoked potentials in human immun- 
odeficiency virus-seropositive patients with and without 
acquired immunodeficiency syndrome [Pagano] 166 (Fe) 

Neurocysticercosis and human immunodeficiency virus in- 
fection: a possible association [Thornton] 963 (Se) 

Pneumocystis carinii pneumonia associated with solid ec- 
topic corticotropin-producing tumors (letter) [McQuillen] 
(reply) [Henson] 1012 (Oc) 

Sensory testing in human immunodeficiency virus type 
1-infected men [Gulevich] 1281 (De) 

Optic Chiasm 

Progressive vision loss: a rare manifestation of familial cav- 
ernous angiomas [Malik] 170 (Fe) 

Optic Nerve Diseases 

Progressive vision loss: a rare manifestation of familial cav- 
ernous angiomas [Malik] 170 (Fe) 

Organic Brain Syndrome, Nonpsychotic see Organic Men- 
tal Disorders 

Organic Mental Disorders 

Delay in P300 latency in patients with organic solvent ex- 
posure [Morrow] 315 (Mr) 

Organization and Administration 

Cost-containment and the practice of neurology: the conflict 
of canons [Menken] 877 (Au) 

Otorhinolaryngologic Diseases 

Intranasal apomorphine in Parkinsonian on-off fluctuations 
[van Laar] 482 (My) 

Outcome and Process Assessment (Health Care) 

Early predictors of poor outcome in congenital fiber-type 
disproportion myopathy [Torres] 855 (Au) 

Practice guidelines in neurology: will they get us where we 
want to go? [Menken] 193 (Fe) 

Outcome Assessment (Health Care) 

Violent brain injuries by gunshot in Duval County, Florida, 
1989-1991 (letter) [Deshmukh] 588 (Je) 

Oxidoreductases 

Familial occurrence of Parkinson's disease: lack of evidence 
for maternal inheritance [Zweig] 1205 (No) 

Oxiracetam 

Treatment trial of oxiracetam in Alzheimer’s disease [Green] 
1135 (No) 

Oxygen Consumption 
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Regional cerebral oxygen consumption, blood flow, and blood 
volume in healthy human aging [Marchal] 1013 (Oc) 
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Pain 

Acute radicular pain as a presenting symptom in multiple 
sclerosis [Ramirez-Lassepas] 255 (Mr) 

Hereditary motor and sensory neuropathy with treatable 
extrapyramidal features [Jaradeh] 175 (Fe) 

Interrelations between migraine and tension-type headache 
in the general population [Rasmussen] 914 (Se) 

Parietal pseudothalamic pain syndrome: clinical features 
and anatomic correlates [Schmahmann] 1032 (Oc) 

Sciatic neuropathy associated with persistent sciatic artery 
[Gasecki] 967 (Se) 

Pain Measurement 

Headaches preceded by visual aura among adolescents and 
young adults: a population-based survey [Linet] 512 (My) 

Palsy, Progressive Supranuclear see Supranuclear Palsy, 
Progressive 

Papilledema 

Hydrocephalus following spinal cord schwannoma resec- 
tion [Bland] 882 (Au) 

Idiopathic intracranial hypertension without papilledema: 
related to sleep apnea? (letter) [McNamara] (reply) [Sil- 
berstein] 14 (Ja) 

Paralysis Agitans see Parkinson Disease 

Paralysis, Bulbar 

Early predictors of poor outcome in congenital fiber-type 
disproportion myopathy [Torres] 855 (Au) 

Paranoid Disorders 

Columbia University Scale for psychopathology in Alzhe- 
imer’s disease [Devanand] 371 (Ap) 

Paraparesis, Tropical Spastic 

Human T lymphotropic virus type l-associated myelopa- 
thy: a report of 10 patients born in the United States 
[Sheremata] 1113 (No) 

Increased adherence of T cells to human endothelial cells in 
patients with human T-cell lymphotropic virus type l- 
associated myelopathy [Ichinose] 74 (Ja) 

Parasitic Diseases 

Neurocysticercosis and human immunodeficiency virus in- 
fection: a possible association [Thornton] 963 (Se) 

Parasympathetic Nervous System 

Increased sympathetic and decreased parasympathetic car- 
diacinnervation in patients with Alzheimer’s disease [Aha- 
ron-Peretz] 919 (Se) 

Parasympathomimetics 

Cerebral glucose metabolism in Parkinson's disease with 
and without dementia [Peppard] 1262 (De) 

Double-blind parallel design pilot study of acetyl levocar- 
nitine in patients with Alzheimer’s disease [Sano] 1137 
(No) 

Increased sympathetic and decreased parasympathetic car- 
diacinnervation in patients with Alzheimer’s disease [Aha- 
ron-Peretz] 919 (Se) 

Parietal Lobe 

Asymmetric cortical degeneration syndromes: a proposed 
clinical classifice-ion [Caselli] 770 (Jy) 

Distinct syndromes of hemineglect [Binder] 1187 (No) 

Parietal pseudothalamic pain syndrome: clinical features 
and anatomic correlates [Schmahmann] 1032 (Oc) 

Topography of cross-sectional and longitudinal glucose met- 
abolic deficits in Alzheimer’s disease: pathophysiologic 
implications [Smith] 1142 (No) 

Where is the lesion in allochiria? (letter) [Young] 348 (Ap) 

Parkinson Disease 

Apomorphine test for dopaminergic responsiveness in pa- 
tients with previously untreated Parkinson's disease [Gas- 
ser] 1131 (No) 

Biological significance of iron-related magnetic resonance 
imaging changes in the brain [Pujol] 711 (Jy) 

Cerebral glucose metabolism in Parkinson's disease with 
and without dementia [Peppard] 1262 (De) 

Cerebral metabolism and depression in patients with com- 
plex partial seizures [Bromfield] 617 (Je); correction, 976 
(Se) 

Dopamine agonist treatment of fluctuating Parkinsonism: 
D-2 (controlled-release MK-458) vs combined D-1 and 
D-2 (pergolide) [Ahlskog] 560 (My) 

Effect of long-term therapy on the pharmacodynamics of 
levodopa: relation to on-off phenomenon [Nutt] 1123 (No) 

Estimate of the incidence of depression in idiopathic Par- 
kinson’s disease [Dooneief] 305 (Mr) 

Evaluation of cerebral biopsies for the diagnosis of demen- 
tia [Hulette] 28 (Ja) 

Familial occurrence of Parkinson's disease: lack of evidence 
for maternal inheritance [Zweig] 1205 (No) 

Frontal lobe dysfunction in unilateral lenticulostriate inf- 
arcts: prominent role of cortical lesions [Godefroy] 1285 
(De) 

Hereditary motor and sensory neuropathy with treatable 
extrapyramidal features [Jaradeh] 175 (Fe) 

Intranasal apomorphine in Parkinsonian on-off fluctuations 
[van Laar] 482 (My) 

Local cerebral blood flow and its response to intravenous 
levodopa in progressive supranuclear palsy: comparison 
with Parkinson's disease [Kobari] 725 (Jy) 

N-methyl-D-aspartate antagonists, schizophrenia, and neu- 
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roleptic malignant syndrome (letter) [Weller] 900, (reply) 
[Greenamyre] 901 (Se) 

Neurocognitive effects of aluminum [Bolla] 1021 (Oc) 

Neurologic signs in Alzheimer’s disease: results of a pro- 
spective clinical and neuropathologic study [Förstl] 1038 
(Oc) 

Population-based investigation of Parkinson's disease with 
and without dementia: relationship to age and gender 
[Mayeux] 492 (My) 

Protein redistribution diet remains effective in patients with 
fluctuating Parkinsonism [Karstaedt] 149 (Fe) 

Reduction of the substantia nigra width and motor decline 
in aging and Parkinson’s disease [Pujol] 1119 (No) 

Role of physical exercise in the occurrence of Parkinson’s 
disease [Sasco] 360 (Ap) 

Selegiline and manic behavior in Parkinson’s disease (letter) 
[Kurlan] 1231 (De) 

Suicide and patients with neurologic diseases: methodolog- 
ic problems [Stenager] 1296 (De) 

Supplementary and primary sensory motor area activity in 
Parkinson's disease: regional cerebral blood flow changes 
during finger movements and effects of apomorphine 
[Rascol] 144 (Fe) 

Parkinson Disease, Postencephalitic 

Population-based investigation of Parkinson's disease with 
and without dementia: relationship to age and gender 
[Mayeux] 492 (My) 

Parkinson Disease, Symptomatic 

Protein redistribution diet remains effective in patients with 
fluctuating Parkinsonism [Karstaedt] 149 (Fe) 

Parkinsonian Syndrome see Parkinson Disease, Symptom- 
atic 

Partial Thromboplastin Time 

Venous thromboembolism in acute stroke: prognostic im- 
portance of hypercoagulability [Landi] 279 (Mr) 

Pathology 

Further observations on the pathology of subcortical lesions 
identified on magnetic resonance imaging [Chimowitz] 
747 (Jy) 

Patient Outcome Assessment see Outcome Assessment 
(Health Care) 

Pavor Nocturnus see Sleep Disorders 

Penicillamine 

Thiomolybdates in the treatment of Wilson’s disease (letter) 
[Walshe] (reply) [Brewer] 132 (Fe) 

Pentetates see DTPA 

Penthanil see DTPA 

Pergolide 

Dopamine agonist treatment of fluctuating Parkinsonism: 
D-2 (controlled-release MK-458) vs combined D-1 and 
D-2 (pergolide) [Ahlskog] 560 (My) 

Periodic Disease 

Sleep disturbance, depression, and lesion site in patients 
with multiple sclerosis [Clark] 641 (Je) 

Peripheral Nerve Diseases 

Early Guillain-Barré syndrome without inflammation [Rop- 
per] 979 (Se) 

Evoked potentials in cerebrotendinous xanthomatosis and 
effect induced by chenodeoxycholic acid [Mondelli] 469 
(My) 

Peripheral Nerves 

Psychiatric disturbances in metachromatic leukodystrophy: 
insights into the neurobiology of psychosis [Hyde] 401 
(Ap) 

Variations in dorsomedial hand innervation: electrodiag- 
nostic implications [Peterson] 870 (Au) 

Peritoneovenous Shunt 

Hypersexuality following septal injury [Gorman] 308 (Mr) 

Personality Disorders 

Event-related potential P300 in multiple sclerosis: relation 
to magnetic resonance imaging and cognitive impair- 
ment [Honig] 44 (Ja) 

Personality changes in Alzheimer’s disease [Bézzola] 297 
(Mr), 486 (My) 

Personality Inventory 

Personality changes in Alzheimer’s disease [Chatterjee] 486 
(My) 

Personality Tests 

Personality changes in Alzheimer’s disease [Chatterjee] 486 
(My) 

Pesticides 

Role of physical exercise in the occurrence of Parkinson's 
disease [Sasco] 360 (Ap) 

PET Scan see Tomography, Emission-Computed 

PGE2 see Dinoprostone 

pH see Hydrogen-lon Concentration 

Phagocytes 

Cerebral hemorrhage with biopsy-proved amyloid angiop- 
athy [Yong] 51 (Ja) 

Pharmacokinetics 

Dose ranging efficacy and safety of subcutaneous sumatrip- 
tan in the acute treatment of migraine [Mathew] 1271 (De) 

Effect of long-term therapy on the pharmacodynamics of 
levodopa: relation to on-off phenomenon [Nutt] 1123 (No) 

Intranasal apomorphine in Parkinsonian on-off fluctuations 
[van Laar] 482 (My) 

Pharmacology 

Effect of long-term therapy on the pharmacodynamics of 
levodopa: relation to on-off phenomenon [Nutt] 1123 (No) 

Pharyngeal Diseases 
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Validation of the 3-oz water swallow test for aspiration 
following stroke [DePippo] 1259 (De) 

Phenothiazines 

Population-based investigation of Parkinson's disease with 
and without dementia: relationship to age and gender 
[Mayeux] 492 (My) 

Role of physical exercise in the occurrence of Parkinson’s 
disease [Sasco] 360 (Ap) 

Philosophy 

Brain death: occurs only with destruction of the cerebral 
hemispheres and the brain stem [Bernat] 569; defining 
death: a superficial and fragile consensus [Youngner] 570; 
brain death or loss of human brain life? [Hachinski] 572 
(My) 

Phosphocreatine 

In vivo phosphorus magnetic resonance spectroscopy in 
multiple sclerosis [Minderhoud] 161 (Fe) 

Phosphorus 

In vivo phosphorus magnetic resonance spectroscopy in 
multiple sclerosis [Minderhoud] 161 (Fe) 

Pick’s Disease of Brain see Dementia, Presenile 

Piracetam 

Treatment trial of oxiracetam in Alzheimer’s disease [Green] 
1135 (No) 

Pituitary Neoplasms 

Malignant tumors in the pituitary gland [Juneau] 555 (My) 

Plasma 

Increased sympathetic and decreased parasympathetic car- 
diac innervation in patients with Alzheimer’s disease 
[Aharon-Peretz] 919 (Se) 

Plasminogen 

Pilot study on the influence of a corticotropin (4-9) analogue 
on Vinca-alkaloid induced neuropathy [van Kooten] 1027 
(Oc) 

Platelet Aggregation 

Neurologic manifestations of progressive systemic sclerosis 
[Averbuch-Heller] 1292 (De) 

Pneumocephalus 

Visual memory deficits after damage to the anterior com- 
missure and right fornix [Botez-Marquard] 321 (Mr) 

Pneumocystis carinii Pneumonia see Pneumonia, Pneu- 
mocystis carinii 

Pneumoencephalography 

Normal-pressure hydrocephalus: is cisternography still use- 
ful in selecting patients for a shunt? [Vanneste] 366 (Ap) 

Pneumonia, Pneumocystis carinii 

Pneumocystis carinii pneumonia associated with solid ec- 
topic corticotropin-producing tumors (letter) [McQuillen] 
(reply) [Henson] 1012 (Oc) 

Poland Syndrome 

Large New England kindred with autosomal dominant neu- 
rogenic scapuloperoneal amyotrophy with unique fea- 
tures [DeLong] 905 (Se) 

Polyradiculoneuritis 

Early Guillain-Barré syndrome without inflammation [Rop- 
per] 979 (Se) 
Elevated neopterin levels in Guillain-Barré syndrome: fur- 
ther evidence of immune activation [Bansil] 1277 (De) 
Significance of F-chronodispersion in the electrodiagnosis 
of Guillain-Barré syndrome and other motor neuropa- 
thies (letter) [Panayiotopoulos] 217 (Mr) 

Subacute idiopathic demyelinating polyradiculoneuropa- 
thy [Hughes] 612 (Je) 

Pons 

Age-related regional differences in cerebellar vermis ob- 
served in vivo [Raz] 412 (Ap) 

Population Surveillance 

Clinical diagnosis of Alzheimer’s disease and other demen- 
tias in a population survey: agreement and causes of 
disagreement in applying Diagnostic and Statistical Man- 
ual of Mental Disorders, revised third edition, criteria 
[Fratiglioni] 927 (Se) 

Positron-Emission Tomography see Tomography, Emission- 
Computed 

Postencephalitic Parkinsonism see Parkinson Disease, 
Postencephalitic 

Potassium 

Myotonia fluctuans (letter) [Lennox] 1010 (Oc) 

Practice Management, Medical 

Practice guidelines in neurology: will they get us where we 
want to go? [Menken] 193 (Fe) 

PRACTICE OF NEUROLOGY 

Cost-containment and the practice of neurology: the conflict 
of canons [Menken] 877 (Au) 

Practice guidelines in neurology: will they get us where we 
want to go? [Menken] 193 (Fe) 

Praziquantel 

Albendazole therapy for giant subarachnoid cysticerci [Del 
Brutto] 535 (My) 

Therapy for neurocysticercosis: comparison between al- 
bendazole and praziquantel [Takayanagui] 290 (Mr) 

Predictive Value of Tests 

Apomorphine test for dopaminergic responsiveness in pa- 
tients with previously untreated Parkinson's disease 
[Gasser] 1131 (No) 

Carotid high-low flow ratio most accurately predicts sig- 
nificant stenosis [Meyd] 864 (Au) 

Immunodiagnosis of neurocysticercosis: disappointing per- 
formance of serology (enzyme-linked immunosorbent as- 
say) in an unbiased sample of neurological patients 
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[Ramos-Kuri] 633 (Je) 

Normal-pressure hydrocephalus: is cisternography still use- 
ful in selecting patients for a shunt? [Vanneste] 366 
(Ap) 

Value of the electroencephalogram in adult patients with 
untreated idiopathic first seizures [van Donselaar] 231 (Mr) 

Prednisolone 

Subacute idiopathic demyelinating polyradiculoneuropa- 
thy [Hughes] 612 (Je) 

Prednisone 

Absence of Lyme borreliosis among patients with presumed 
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globulin-bound testosterone, and free androgen index: 
which testosterone measurement is most relevant to re- 
productive and sexual function in men with epilepsy? 
(letter) [Herzog] 133, (reply) [Isojärvi] 134 (Fe) 

Psychosocial Deprivation 

Prospective study of depression and immune dysregulation 
in multiple sclerosis [Foley] 238 (Mr) 

Psychotic Disorders 

Age-related regional differences in cerebellar vermis ob- 
served in vivo [Raz] 412 (Ap) 

Columbia University Scale for psychopathology in Alzhe- 
imer’s disease [Devanand] 371 (Ap) 

Neuropathologic and neurochemical correlates of psycho- 


Arch Neurol—Vol 49, December 1992 


sis in primary dementia [Zubenko] 48:619 (Je); correction, 
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Pathogenesis of Tourette’s syndrome: possible role for hor- 
monal and excitatory neurotransmitter influences in brain 
development [Kurlan] 874 (Au) 

Violence: the neurologic contribution: an overview [Elliott] 
595 (Je) 

Serotonin Antagonists 

Dose ranging efficacy and safety of subcutaneous sumatrip- 
tan in the acute treatment of migraine [Mathew] 1271 (De) 

Serotonin Blockaders see Serotonin Antagonists 

Serum Albumin 

Humoral and cellular immunologic study of cerebrospinal 
fluid in a patient with Behcet encephalitis [Jongen] 1075 
(Oc) 

Testosterone, free testosterone, non-sex hormone-binding 
globulin-bound testosterone, and free androgen index: 
which testosterone measurement is most relevant to re- 
productive and sexual function in men with epilepsy? 
(letter) [Herzog] 133, (reply) [Isojarvi] 134 (Fe) 

Severity of Illness Index 
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development [Kurlan] 874 (Au) 

Stimulation, Electric see Electric Stimulation 

Stress, Psychological 

Headaches preceded by visual aura among adolescents and 
young adults: a population-based survey [Linet] 512 (My) 

Interrelations between migraine and tension-type headache 
in the general population [Rasmussen] 914 (Se) 

Prospective study of depression and immune dysregulation 
in multiple sclerosis [Foley] 238 (Mr) 

Stroke see Cerebrovascular Disorders 

Stuttering 

Stutterers and cerebral blood flow (letter) [Viswanath] 346, 
(reply) [Pool] 347 (Ap) 

Subarachnoid Space 

Albendazole therapy for giant subarachnoid cysticerci [Del 
Brutto] 535 (My) 

Immunodiagnosis of neurocysticercosis: disappointing per- 
formance of serology (enzyme-linked immunosorbent as- 
say) in an unbiased sample of neurological patients [Ra- 
mos-Kuri] 633 (Je) 

Substance Abuse, Intravenous 

Event-related potentials in human immunodeficiency virus 
infection: a prospective study [Messenheimer] 396 (Ap) 

Neurologic and neuropsychological manifestations of hu- 
man immunodeficiency virus infection in intravenous 
drug users without acquired immunodeficiency syndrome: 
relationship to head injury [Marder] 1169 (No) 

Prospective controlled study of magnetic resonance imag- 
ing of the brain in gay men and parenteral drug users 
with human immunodeficiency virus infection [Dooneief] 
38 (Ja) 

Substantia Nigra 

Neurologic signs in Alzheimer’s disease: results of a pro- 

spective clinical and neuropathologic study [Förstl] 1038 

(Oc) 

Reduction of the substantia nigra width and motor decline 
in aging and Parkinson’s disease [Pujol] 1119 (No) 

Suicide 

Grappling with the enigma of violence: an educational ap- 
proach [Menken] 592 (Je) 

Suicide and patients with neurologic diseases: methodolog- 
ic problems [Stenager] 1296 (De) 

Sulfatidate Sulfatase see Cerebroside Sulfatase 
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Sulfatidosis see Leukodystrophy, Metachromatic 

Sumatriptan 

Dose ranging efficacy and safety of subcutaneous sumatrip- 
tan in the acute treatment of migraine [Mathew] 1271 (De) 

Suppressor Cells 

Treatment of neurosarcoidosis with cyclosporine [Stern] 
1065 (Oc) 

Supranuclear Palsy, Progressive 

Local cerebral blood flow and its response to intravenous 
levodopa in progressive supranuclear palsy: comparison 
with Parkinson's disease [Kobari] 725 (Jy) 

Sural Nerve 

Mitochondrial myopathy or chronic inflammatory demy- 
elinating polyneuropathy (CIDP)? (letter) [Krendel] (re- 
ply) [Bernsen] 1111 (No) 

Surgery, Operative 

Presurgical electroencephalographic patterns and outcome 
from anterior temporal lobectomy [Barry] 21 (Ja) 

Sustained-Release Preparations see Delayed-Action Prep- 
arations 

Swallowing see Deglutition 

Sympathetic Nervous System 

Increased sympathetic and decreased parasympathetic car- 
diac innervation in patients with Alzheimer’s disease [Aha- 
ron-Peretz] 919 (Se) 

Syphilis 

Neurosyphilis and human immunodeficiency virus type 2 
infection (letter) [Savall] 440 (My) 
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Tachyphylaxis 

Intranasal apomorphine in Parkinsonian on-off fluctuations 
[van Laar] 482 (My) 

Technetium 

Technetium-99m HM-PAO single photon emission com- 
puted tomography imaging in transient global amnesia 
[Laloux] 543 (My) 

Technology Assessment, Biomedical 

Practice guidelines in neurology: will they get us where we 
want to go? [Menken] 193 (Fe) 

Technology, Medical 

Brain death: occurs only with destruction of the cerebral 
hemispheres and the brain stem [Bernat] 569; defining 
death: a superficial and fragile consensus [Youngner] 570; 
brain death or loss of human brain life? [Hachinski] 572 
(My) 

Cost-containment and the practice of neurology: the conflict 
of canons [Menken] 877 (Au) 

Three-dimensional in vivo mapping of brain lesions in hu- 
mans [Damasio] 137 (Fe) 

Telemetry 

Comparison of the effects of frontal and temporal lobe par- 
tial seizures on prolactin levels [Meierkord] 225 (Mr) 

Prolactin: quo vadis? [Herzog] 223 (Mr) 

Temporal Lobe 

Comparative analysis of computed tomographic and mag- 
netic resonance imaging scans in Alzheimer patients and 
controls [Sandor] 381 (Ap) 

Comparison of the effects of frontal and temporal lobe par- 
tial seizures on prolactin levels [Meierkord] 225 (Mr) 
Dissociation of color from object in amnesia [Schnider] 982 

(Se) 

Evidence for early vulnerability of the medial and inferior 
aspects of the temporal lobe in an 82-year-old patient with 
preclinical signs of dementia: regional and laminar dis- 
tribution of neurofibrillary tangles and senile plaques 
[Hof] 946 (Se) 

Failure to activate the left temporoparietal cortex in dys- 
lexia: an oxygen 15 positron emission tomographic study 
[Rumsey] 527 (My) 

P300 in patients with temporal lobe lesions (letter) [Daruna] 
219, (reply) [Nelson] 220 (Mr) 

Presurgical electroencephalographic patterns and outcome 
from anterior temporal lobectomy [Barry] 21 (Ja) 

Prolactin: quo vadis? [Herzog] 223 (Mr) 

Technetium-99m HM-PAO single photon emission com- 
puted tomography imaging in transient global amnesia 
[Laloux] 543 (My) 

Tendons 

Large New England kindred with autosomal dominant neu- 
rogenic scapuloperoneal amyotrophy with unique fea- 
tures [DeLong] 905 (Se) 

Testosterone 

Testosterone, free testosterone, non-sex hormone-binding 
globulin-bound testosterone, and free androgen index: 
which testosterone measurement is most relevant to re- 
productive and sexual function in men with epilepsy? 
(letter) [Herzog] 133, (reply) [Isojarvi] 134 (Fe) 

Tetrahydrofolates 

Biologically significant serum vitamin B,, deficiency in mul- 
tiple sclerosis inadequately documented (letter) [Good- 
kin] (reply) [Reynolds] 683 (Jy) 

Thalamic Diseases 

Thalamic stroke: presentation and prognosis of infarcts and 
hemorrhages [Steinke] 703 (Jy) 

Thalamic Nuclei 

Contributions of the left intralaminar and medial thalamic 
nuclei to memory: comparisons and report of a case [Men- 
nemeier] 1050 (Oc) 


Thalamus 
Age-related differences in volumes of subcortical nuclei, 
brain matter, and cerebrospinal fluid in healthy men as 
measured with magnetic resonance imaging [Murphy] 
839 (Au) mae 
Cerebral glucose utilization in motor neuron disease [Hoff- i 
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man] 849 (Au) 

Contributions of the left intralaminar and medial thalamic 
nuclei to memory: comparisons and reportofacase[Men- 
nemeier] 1050 (Oc) =; 

Parietal pseudothalamic pain syndrome: clinical features } 
and anatomic correlates [Schmahmann] 1032 (Oc) ; 

Thiomolybdates “tS 

Thiomolybdates in the treatment of Wilson’s disease (letter) wN 
[Walshe] (reply) [Brewer] 132 (Fe) ni 

Third-Nerve Palsy see Oculomotor Nerve Paralysis 

Threonine 

Antispasticity effect of threonine in multiple sclerosis [Haus- 
er] 923 (Se) 

Thromboangiitis Obliterans 

Watershed infarction on computed tomographic scan: an 
unreliable sign of hemodynamic stroke [Graeber] 311 (Mr) 

Thromboembolism 

Venous thromboembolism in acute stroke: prognostic im- — 
portance of hypercoagulability [Landi] 279 (Mr) 

Thrombophlebitis 

Venous thromboembolism in acute stroke: prognostic im- 
portance of hypercoagulability [Landi] 279 (Mr) 

Thrombosis 

Sciatic neuropathy associated with persistent sciatic artery 
[Gasecki] 967 (Se) 

Thromboxanes 

Alcohol exacerbates behavioral and neurochemical effects 
of rat spinal cord trauma [Halt] 1178 (No) 

Thumb 

Upgoing thumb sign (letter) [Hachinski] 346 (Ap) 

Tibial Nerve 

H-reflex to magnetic stimulation of lower-limb nerves [Zhu] 
66 (Ja) Subacute idiopathic demyelinating polyradiculo- _ 
neuropathy [Hughes] 612 (Je) 

Ticks 

Nervous system Lyme borreliosis—revisited [Finkel] 102 (Ja) 

Timed-Release Preparations see Delayed-Action Prepara- 
tions 

Tomography, Emission-Computed 

Cerebral brain metabolism in adult dyslexic subjects as- 
sessed with positron emission tomography during per- 
formance of an auditory task [Hagman] 734 (Jy) 

Cerebral glucose metabolism in Parkinson's disease with 
and without dementia [Peppard] 1262 (De) 

Cerebral glucose utilization in motor neuron disease [Hoff- 
man] 849 (Au) 

Cerebral metabolism and depression in patients with com- 
plex partial seizures [Bromfield] 617 (Je); correction, 976 
(Se) 

Failure to activate the left temporoparietal cortex in dys- 
lexia: an oxygen 15 positron emission tomographic study 
[Rumsey] 527 (My) 

Presurgical electroencephalographic patterns and outcome — 
from anterior temporal lobectomy [Barry] 21 (Ja) 

Psychiatric disturbances in metachromatic leukodystrophy: 
insights into the neurobiology of psychosis [Hyde] 401 
(Ap) 

Regional cerebral oxygen consumption, blood flow, and blood 
volume in healthy human aging [Marchal] 1013 (Oc) 

Severity of vascular dementia is related to volume of met- 
abolically impaired tissue [Mielke] 909 (Se) 

Three-dimensional in vivo mapping of brain lesions in hu- 
mans [Damasio] 137 (Fe) 

Topography of cross-sectional and longitudinal glucose met- 
abolic deficits in Alzheimer’s disease: pathophysiologic 
implications [Smith] 1142 (No) 

Tomography, Emission-Computed, Single-Photon 

Cerebral blood flow deficits in hereditary essential myo- — 
clonus [Delecluse] 179 (Fe); correction, 873 (Au) 

Progressive amusia and aprosody [Confavreux] 971 (Se) 

Supplementary and primary sensory motor area activity in 
Parkinson's disease: regional cerebral blood flow changes 
during finger movements and effects of apomorphine 
{Rascol] 144 (Fe) 

Technetium-99m HM-PAO single photon emission com- 
puted tomography imaging in transient global amnesia _ 
[Laloux] 543 (My) 

Tomography, Positron-Emission see Tomography, Emis- 
sion-Computed 

Tomography, X-Ray Computed 

Age-related differences in volumes of subcortical nuclei, 
brain matter, and cerebrospinal fluid in healthy men as 
measured with magnetic resonance imaging [Murphy] 
839 (Au) 

Age-related regional differences in cerebellar vermis ob- 
served in vivo [Raz] 412 (Ap) 

Binswanger’s disease and German translations (letter) 
[Moossy] (reply) [Blass] 799 (Au) 

Comparative analysis of computed tomographic and mag- 
netic resonance imaging scans in Alzheimer patients and 
controls [Sandor] 381 (Ap) 

Developmental consequences of childhood frontal lobe dam- 
age [Eslinger] 764 (Jy) 

Early seizures after acute stroke: risk of late seizures [Kil- 
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patrick] 509 (My) 

Frontal lobe dysfunction in unilateral lenticulostriate inf- 
arcts: prominent role of cortical lesions [Godefroy] 1285 
(De) 

Local cerebral blood flow and its response to intravenous 
levodopa in progressive supranuclear palsy: comparison 
with Parkinson's disease [Kobari] 725 (Jy) 

Neuropsychiatric correlates of cerebral white-matter radi- 
olucencies in probable Alzheimer’s disease [Lopez] 828 
(Au) 

Neuropsychological correlates of white-matter lesions in 
healthy elderly subjects: a threshold effect [Boone] 549 
(My) 

Neuropsychological importance of subcortical white matter 
hyperintensity [Tupler] 1248 (De) 

Normal-pressure hydrocephalus: is cisternography still use- 
ful in selecting patients for a shunt? [Vanneste] 366 (Ap) 

Parietal pseudothalamic pain syndrome: clinical features 
and anatomic correlates [Schmahmann] 1032 (Oc) 

Persistent worsening of stroke sequelae after delayed sei- 
zures [Bogousslavsky] 385 (Ap) 

Psychiatric disturbances in metachromatic leukodystrophy: 
insights into the neurobiology of psychosis [Hyde] 401 
(Ap) 

Risk factors for the neurologic complications associated with 
aortic aneurysms [Lynch] 284 (Mr) 

Technetium-99m HM-PAO single photon emission com- 
puted tomography imaging in transient global amnesia 
[Laloux] 543 (My) 

Thalamic stroke: presentation and prognosis of infarcts and 
hemorrhages [Steinke] 703 (Jy) 

Therapy for neurocysticercosis: comparison between al- 
bendazole and praziquantel [Takayanagui] 290 (Mr) 

Three-dimensional in vivo mapping of brain lesions in hu- 
mans [Damasio] 137 (Fe) 

Value of the electroencephalogram in adult patients with 
untreated idiopathic first seizures [van Donselaar] 231 (Mr) 

Visual memory deficits after damage to the anterior com- 
missure and right fornix [Botez-Marquard] 321 (Mr) 

Watershed infarction on computed tomographic scan: an 
unreliable sign of hemodynamic stroke [Graeber] 311 (Mr) 

Topographic Brain Mapping see Brain Mapping 

Tourette Syndrome 

Pathogenesis of Tourette’s syndrome: possible role for hor- 
monal and excitatory neurotransmitter influences in brain 
development [Kurlan] 874 (Au) 

Tranquilizing Agents, Major 

Role of a sleep disorder center in evaluating sleep violence 
[Mahowald] 604 (Je) 

Tranquilizing Agents, Minor 

Role of a sleep disorder center in evaluating sleep violence 
[Mahowald] 604 (Je) 

Transcobalamin II see Transcobalamins 

Transcobalamins 

Vitamin B,. metabolism in multiple sclerosis [Reynolds] 649 
(Je) 

Transferrin 

Prospective study of depression and immune dysregulation 
in multiple sclerosis [Foley] 238 (Mr) 

Transient Ischemic Attack see Cerebral Ischemia, Tran- 
sient 

Translating 

Binswanger’s disease and German translations (letter) 
[Moossy] (reply) [Blass] 799 (Au) 

Trauma see Wounds and Injuries 

Tremor 

Peripheral mechanical loading and the mechanism of the 
tremor of chronic alcoholism [Aisen] 740 (Jy) 

Triglycerides 

Decline in cognitive performance in aging twins: heritabil- 
ity and biobehavioral predictors from the National Heart, 
Lung, and Blood Institute Twin study [Swan] 476 (My) 

Trihexyphenidyl 

Selegiline and manic behavior in Parkinson’s disease (letter) 
[Kurlan] 1231 (De) 

Triple Symptom Complex see Behcet's Syndrome 

Trochlear Nerve 

Combined trochlear nerve palsy and internuclear ophthal- 
moplegia [Vanooteghem] 108 (Ja) 

Tryptophan 

Central nervous system involvement in the eosinophilia- 
myalgia syndrome [Lynn] 1082 (Oc) 

Tube Feeding see Enteral Nutrition 

Tumor Necrosis Factor 

Cytokine secretion by multiple sclerosis monocytes: rela- 
tionship to disease activity [Rudick] 265 (Mr) 

Tumor Necrosis Factor-alpha see Tumor Necrosis Factor 

Twins 

Decline in cognitive performance in aging twins: heritabil- 
ity and biobehavioral predictors from the National Heart, 
Lung, and Blood Institute Twin study [Swan] 476 (My) 

Familial occurrence of Parkinson’s disease: lack of evidence 
for maternal inheritance [Zweig] 1205 (No) 

Tympanometry see Acoustic Impedance Tests 

Tyrosine Hydroxylase 

Reduction of the substantia nigra width and motor decline 
in aging and Parkinson's disease [Pujol] 1119 (No) 
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for maternal inheritance [Zweig] 1205 (No) 

Ulnar Nerve 

Variations in dorsomedial hand innervation: electrodiag- 
nostic implications [Peterson] 870 (Au) 

Unipolar Depression see Depressive Disorder 

United Kingdom see Great Britain 

United States 

Cost-containment and the practice of neurology: the conflict 
of canons [Menken] 877 (Au) 

Grappling with the enigma of violence: an educational ap- 
proach [Menken] 592 (Je) 

Human T lymphotropic virus type I-associated myelopa- 
thy: a report of 10 patients born in the United States 
[Sheremata] 1113 (No) 

Make my day [Joynt] 591 (Je) 

Practice guidelines in neurology: will they get us where we 
want to go? [Menken] 193 (Fe) 

Violence: resensitizing the inured (letter) [Goldblatt] 440 
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Further observations on the pathology of subcortical lesions 
identified on magnetic resonance imaging [Chimowitz] 
747 (Jy) 

Normal-pressure hydrocephalus: is cisternography still use- 
ful in selecting patients for a shunt? [Vanneste] 366 (Ap) 
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Age-related regional differences in cerebellar vermis ob- 
served in vivo [Raz] 412 (Ap) 
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Validity of Results see Reproducibility of Results 

Vascular Dementia see Dementia, Vascular 

Vascular Diseases 

Vascular event rates in patients with atherosclerotic cere- 
brovascular disease [Wilterdink] 857 (Au) 

Vasculitis 

Humoral and cellular immunologic study of cerebrospinal 
fluid in a patient with Behcet encephalitis [Jongen] 1075 
(Oc) 

Vegetative State see Coma 

Venous Thrombosis see Thrombophlebitis 

Ventilation 

Early predictors of poor outcome in congenital fiber-type 
disproportion myopathy [Torres] 855 (Au) 

Verbal Behavior 

Comparisons of verbal fluency tasks in the detection of 
dementia of the Alzheimer type [Monsch] 1253 (De) 

Vertebral Artery Insufficiency see Vertebrobasilar Insuf- 
ficiency 

Vertebrobasilar Insufficiency 

Age-related regional differences in cerebellar vermis ob- 
served in vivo [Raz] 412 (Ap) 

Technetium-99m HM-PAO single photon emission com- 
puted tomography imaging in transient global amnesia 
[Laloux] 543 (My) 

Vertigo 

Headaches in children younger than 7 years of age [Chu] 79 
(Ja) 

Vestibular Apparatus see Vestibule 

Vestibule 

Age-related regional differences in cerebellar vermis ob- 
served in vivo [Raz] 412 (Ap) 

Vestibulo-Ocular Reflex see Reflex, Vestibulo-Ocular 

Victimology 

Violence: resensitizing the inured (letter) [Goldblatt] 440 (My) 

Vinblastine 

Pilot study on the influence of a corticotropin (4-9) analogue 
on Vinca-alkaloid induced neuropathy [van Kooten] 1027 
(Oc) 

Vinca Alkaloids 

Pilot study on the influence of a corticotropin (4-9) analogue 
on Vinca-alkaloid induced neuropathy [van Kooten] 1027 
(Oc) 

Vincristine 

Pilot study on the influence of a corticotropin (4-9) analogue 
on Vinca-alkaloid induced neuropathy [van Kooten] 1027 
(Oc) 

Violence 

Columbia University Scale for psychopathology in Alzhe- 
imer’s disease [Devanand] 371 (Ap) 

Grappling with the enigma of violence: an educational ap- 
proach [Menken] 592 (Je) 

Make my day [Joynt] 591 (Je) 

Murder, insanity, and medical expert witnesses [Ciccone] 
608 (Je) 

Role of a sleep disorder center in evaluating sleep violence 
[Mahowald] 604 (Je) 

Violence: the neurologic contribution: an overview [Elliott] 
595 (Je) 

Violence: resensitizing the inured (letter) [Goldblatt] 440 
(My) 

Violent brain injuries by gunshot in Duval County, Florida, 
1989-1991 (letter) [Deshmukh] 588 (Je) 

Visual Acuity 

Intra-arterial cisplatin-associated optic and otic toxicity 
[Maiese] 83 (Ja) 

Visual Evoked Response see Evoked Potentials, Visual 

Visual Fields 
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Malignant tumors in the pituitary gland [Juneau] 555 (My) 

P300 in patients with temporal lobe lesions (letter) [Daruna] 
219, (reply) [Nelson] 220 (Mr) 

Thalamic stroke: presentation and prognosis of infarcts and 
hemorrhages [Steinke] 703 (Jy) 

Vitamin B 12 

Plasma vitamin B» level as a potential cofactor in studies of 
human immunodeficiency virus type 1-related cognitive 
changes [Beach] 501 (My) 

Vitamin B 12 Coenzymes see Cobamides 

Vitamin B 12 Deficiency 

Biologically significant serum vitamin B,, deficiency in mul- 
tiple sclerosis inadequately documented (letter) [Good- 
kin] (reply) [Reynolds] 683 (Jy) 

Plasma vitamin B» level as a potential cofactor in studies of 
human immunodeficiency virus type 1-related cognitive 
changes [Beach] 501 (My) 

Vitamin Bız metabolism in multiple sclerosis [Reynolds] 649 
(Je) 

Vitamin B T see Carnitine 
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Albendazole therapy for giant subarachnoid cysticerci [Del 
Brutto] 535 (My) 

Headaches in children younger than 7 years of age [Chu] 79 
(Ja) 

Thalamic stroke: presentation and prognosis of infarcts and 
hemorrhages [Steinke] 703 (Jy) 
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Wallerian Degeneration 

Subacute idiopathic demyelinating polyradiculoneuropa- 
thy [Hughes] 612 (Je) 

Wechsler Scales 

Decline in cognitive performance in aging twins: heritabil- 
ity and biobehavioral predictors from the National Heart, 
Lung, and Blood Institute Twin study [Swan] 476 (My) 

Diagnosis of dementia in a heterogeneous population: de- 
velopment of a neuropsychological paradigm-based di- 
agnosis of dementia and quantified correction for the 
effects of education [Stern] 453 (My) 

Establishing the limits of the Mini-Mental State: examina- 
tion of ‘subtests’ [Feher] 87 (Ja) 

Gist recall in multiple sclerosis [Goldstein] 1060 (Oc) 

Immediate and delayed prose recall among normal and 
demented adults [Robinson-Whelen] 32 (Ja) 

Neuropsychological correlates of white-matter lesions in 
healthy elderly subjects: a threshold effect [Boone] 549 
(My) 

Weight Loss 

Weight loss in Huntington’s disease (letter) [Kremer] 349 
(Ap) 

Weight Reduction see Weight Loss 

Wernicke Area see Temporal Lobe 

Western Blotting see Blotting, Western 

Western Immunoblotting see Blotting, Western 

Wilson’s Disease see Hepatolenticular Degeneration 

Work of Breathing 

Breathing is controlled independently by voluntary, emo- 
tional, and metabolically related pathways (letter) [Plum] 
441 (My) 

Wounds and Injuries 

Acute radicular pain as a presenting symptom in multiple 
sclerosis [Ramirez-Lassepas] 255 (Mr) 

Violent brain injuries by gunshot in Duval County, Florida, 
1989-1991 (letter) [Deshmukh] 588 (Je) 
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Make my day [Joynt] 591 (Je) 

Violent brain injuries by gunshot in Duval County, Florida, 
1989-1991 (letter) [Deshmukh] 588 (Je) 

Wrist 

Variations in dorsomedial hand innervation: electrodiag- 
nostic implications [Peterson] 870 (Au) 

Writing 

Agraphia in dementia of the Alzheimer type [LaBarge] 1151 
(No) 

Lesion localization in apractic agraphia [Alexander] 246 (Mr) 
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Xanthomatosis 

Evoked potentials in cerebrotendinous xanthomatosis and 
effect induced by chenodeoxycholic acid [Mondelli] 469 
(My) 
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Evoked potentials in cerebrotendinous xanthomatosis and 
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(My) 
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Local cerebral blood flow and its response to intravenous 
levodopa in progressive supranuclear palsy: comparison 
with Parkinson’s disease [Kobari] 725 (Jy) 
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Increased metallothionein in the liver and kidney of pa- 
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721 (Jy) 
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on the shores of Lake Winnebago and in the heart of 
Wisconsin's beautiful Fox River Valley (metro 
population of 400,000). University of 12,000 students. 
Send CV to: Christopher Kashnig, Mercy Medical 
Center, 631 Hazel Street, Oshkosh, WI 54902. Or call 
(414) 236-2430 or (800) 242-5650, Extension 2430. 
FAX (414) 231-5677. 


EXCELLENT OPPORTUNITY in growing academic 
neurology department for energetic BC/BE 
neurologist with expertise in neuromuscular disease 
and EMG. Direct the EMG lab in a busy academic 
hospital with up to 100 EMG's per month, affiliated 
with Muscular Dystrophy clinic. Take an active role in 
teaching neurology residents and students. Time and 
opportunity to develop research and clinical interests 
with salary commensurate with experience. Send CV 
and letters of reference to: John M. Bertoni, MD, 
PhD, Chairman of Neurology, Creighton University, 
601 North 30th Street, Omaha, NE 68131-2197. 
(402) 280-4686. Equal Opportunity Employer. 


PEDIATRIC NEUROLOGIST: BC/BE pediatric 
neurologist to join established, 120-physician multi- 
specialty clinic located in beautiful northwest 
Arkansas. Holt-Krock Clinic, the 28th largest free- 
standing clinic in the nation, serves a patient base of 
400,000 in Arkansas and Oklahoma. No other 
pediatric neurologist within 100-mile radius. We offer 
a guaranteed salary with full partnership in 2 to 21/2 
years, plus excellent fringe benefits. 680-bed hospital 
and new rehab hospital two blocks from main clinic. 
Must be willing to share call with adult neurologist, do 
testing consisting of EEG, EMG, evoked response, 
and cervical vascular ultrasound procedures. For 
details regarding this opportunity, send letter and CV 
to: Josephine Decker, Associate Administrator, Holt- 
Krock Clinic, 1500 Dodson Avenue, Fort Smith, AR 
72901. (501) 782-2071. 


PLEASE NOTE -— Address replies to box number 


ads as follows: Box number 
P.O. Box 1510, Clearwater, FL 34617. 


, C/o AON, 





Professional Opportunities 


BC/BE NEUROLOGIST to join a private group of 
neurologists and neurosurgeons in western Mas- 
sachusetts who are affiliated with Tufts Medical 
School. Subspecialty fellowship training preferred. 
Send CV to: Michael R. Sorrell, MD, 80 Congress 
Street, Springfield, MA 01104. 


EPILEPTOLOGIST — The Comprehensive Epilepsy 
Care Center for Children and Adults is seeking an 
additional adult or pediatric epileptologist. The 
program includes an eight bed epilepsy monitoring 
unit, seizure surgery, and drug studies, as well as an 
active clinical practice. Fellowship required. Send CV 
to: William E. Rosenfeld, MD, Director, 222 South 
Woods Mill Road, Suite 610 N, St. Louis, MO 63017. 
Telephone: (314) 453-9300. 


BE/BC NEUROLOGIST to join a four-person group 
practice in Kalamazoo, Michigan. Background in 
sleep disorders desired, but not required. EEG, EMG 
and evoked potentials available in an inhouse 
diagnostic center. Numerous CAT scanners and two 
MRI available in the community. Associated with a 
442-bed tertiary referral hospital with sleep disorder 
laboratory. Practice is well established and is offering 
competitive guaranteed salary and benefits, and 
opportunity for partnership. Varied and abundant 
cultural and recreational activities. Close to larger 
metropolitan areas. Send curriculum vitae or contact: 
Mark Dmytro, Bronson Methodist Hospital, 252 East 
Lovell, Kalamazoo, MI 49007. (800) 594-9022. 
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HAWAII 


Excellent opportunity for BE/BC 
neurologist with experience in 
EEG, EMG, and EP to join well 
established multi-specialty 
group of 270 physicians. 
Modern and well-equipped 205- 
bed hospital with full diagnos- 
tic facilities, including MRI. 
Kaiser Permanente, Hawaii's 
oldest and largest HMO, offers 
competitive salaries and a com- 
prehensive benefit package 
which includes medical, dental, 
retirement, profit sharing, mov- 
ing allowance, and malpractice 
coverage. Live in paradise sur- 
rounded with spectacular 
beaches and an exceptional 
climate all year round. Enjoy an 
abundance of outdoor and 
water activities. 


Please send CV to: 


Hawaii Permanente 
Medical Group Inc 
3288 Moanalua Road, 
Honolulu, HI 96819 


| An Equal Opportunity Employer. | 





Professional Opportunities 


FLORIDA-ORLANDO-DAYTONA AREA: BC/BE 


neurologist needed to join two progressive board- 
certified neurologists. The practice is growing and 
expanding. Excellent salary. Opportunities for 
personal growth and family enjoyment in a medium 
sized city with private highly rated four year college. 
Close to Orlando and Daytona. EEG, EMG/NCV/EP 
training and skill required. If you are seeking an 
academic approach to clinical neurology in a private 
practice setting, this is an excellent opportunity. 
Compensation commensurate with skill and 
motivation. Reply to: Box #852 c/o AON. 


NEUROLOGIST: Excellent opportunity for board- 
certified/board-eligible neurologists to join two 
existing neurologists in a stimulating, busy practice. 
Marquette General Hospital is a 397-bed regional 
referral center, with a comprehensive neurophsi- 
ology department and state-of-the-art technology 
that includes magnetic resonance imaging and CT 
scanning, and a hospital-based family practice 
residency. Medical students from Michigan State 
University's College of Human Medicine are regu- 
larly assigned to the hospital and offer an opportuni- 
ty for teaching. Marquette General Hospital and its 
medical staff are committed to building a center of 
excellence in the neurosciences and have the 
necessary financial resources. The development of 
these services will require the leadership and co- 
operation of physicians in the field of neurology, 
neurosurgery, psychiatry, physical medicine and 
rehabilitation. Salaried and private practice positions 
are available. If this special opportunity is of interest 
to you, please send CV to: Robert J. Raica, 
Marquette General Hospital, 420 West Magnetic 
Street, Marquette, MI 49855. 


ATTENTION PHYSICIAN RECRUITERS. The 
“Classified Advertising” sections now in all nine AMA 
Specialty Journals target the physician you want. 
These highly visible sections put your message in 
the hands of every specialist that qualifies for your 
professional opportunity, every month. To place the 
ad of your choice, any size, call toll free: (800) 237- 
9851. 


GROUP OF SEVEN subspecialized neurologists 
seeks neurologist with fellowship training in sleep to 
assist with busy sleep laboratory and high quality 
general neurology practice. Other subspecialty 
interests also considered. Charlotte, North Carolina is 
the largest city in the Carolinas. Prosperous, yet 
charming. Excellent recreational opportunities. 
Contact: Frederick Pfeiffer, MD, 1900 Randolph 
Road, Suite 1010, Charlotte, NC 28207; or (704) 334- 
7311. 


ST. LOUIS — BC/BE adult neurologist to join very 
busy, growing, four-member hospital based practice. 
Supportive medical staff, neurosurgery and neu- 
roradiology. EEG/EMG/EP experience desired. 
Academic appointment available. Competitive salary 
and benefits for two years, followed by a partnership 
opportunity. Available immediately. Send CV to: St. 
Louis Neurological Institute Inc., 11155 Dunn Road, 
Suite 202 North, St. Louis, MO 63136. Or call: Eli R. 
Shuter, MD; Robert P. Margolis, MD; Karen J. 
Pentella, MD or James S. Bonner, MD at (314) 355- 
3355. 


PEDIATRIC NEUROLOGIST wanted to join two BC 
adult neurologists in the Rocky Mountain region. The 
community is located on the western slope of 
Colorado. Excellent recreational opportunities are 
available. Salary negotiable. Send CV to: Dr. Neal 
Gilman, 2530 North 8th Street, #206, Grand Junction, 
CO 81501. Or call: (303) 243-9180. 


HOUSTON — TEXAS MEDICAL CENTER. A 60- 
physician internal medicine group seeks BE/BC 
physicians in neurology. Excellent relocation 
provisions. Competitive salary and benefits. Minimal 
managed care. Reply: Box #857, c/o AON. . 


NEUROLOGIST NEEDED — Carolina foothills. Con- 
genial, busy neurology group seeks one or two BC/ 
BE neurologists to join clinical practice in prosperous, 
desirable southern growth area. Quality family en- 
vironment. Excellent medical facilities. Competitive 
salary leading to partnership. Immediate openings. 
Contact: Marilyn Miller, 145 Dillon Drive, Spartanburg, 
SC 29302 with CV. 





Professional Opportunities 


GENERAL NEUROLOGIST available immediately — 
Ochsner Clinic, New Orleans, the preeminent, multi- 
specialty group practice and international referral 
center in the Gulf South seeks board-certified/board- 
eligible neurologist. The Ochsner Clinic has over 350 
physicians. The neurology service is affiliated with the 
Tulane University Neurology Department and our staff 
have clinical appointments at Tulane University. The 
neurology service has teaching responsibilities at the 
Ochsner Foundation Hospital (550-bed) for Tulane 
Neurology residents and medical students. Ochsner 
Clinic offers physicians a very competitive salary and 
liberal compensation package. Please send CV to: 
Ochsner Clinic, Dr. Richard Strub, Chairman of 
Neurology, Physician Recruiting, 16777 Medical 
Center Drive, Ref. #A4 NEURO, Baton Rouge, LA 
78016. Or call: (800) 488-2240 for further information. 
FAX: (540) 753-2309. 


NEUROLOGIST — A highly successful, two-member, 
private practice, academically affiliated with nearby 
renowned university hospital, is seeking a BC/BE 
neurologist with interest in EMG, EEG, EPs for a 
secure and financially rewarding career. Modern 
medical facilities with 7,500 square feet, complete 
with OT clinic, electrodiagnostic equipment, and large 
professional staff. Practice is well established and 
highly respected with large referral base. Exceptional 
guaranteed salary, incentive and benefits package 
leading to partnership. Enjoy the cultural, academic 
and recreational amenities of the Philadelphia area as 
well as those of New York, Washington, DC, shore 
resorts, Chesapeake Bay, Pocono Mountains, Amish 
country — all within 90 minutes. Please send CV to: 
Robert C. Nollenberger, Nollenberger, Massucci & 
Co., P.O. Box 96, Ephrata, PA 17522. FAX: (717) 
738-4008. Or call: (717) 738-4100 for further details. 


EXCELLENT OPPORTUNITY for BC/BE neurologist 
with strong clinical skills to join a rapidly expanding 
neurological group located one hour from Chicago 
and one-half hour from Milwaukee. Salary com- 
petitive. Expertise in sleep or EEG desired. Please 
contact: Box #854, c/o AON. 


FALLON CLINIC/ 
ST. VINCENT HOSPITAL 


The Department of Neurology Fallon Clinic/ 
Saint Vincent Hospital is recruiting a clinical 
neurophysiologist, with fellowship training in 
EEG, epilepsy or sleep disorders. 


Applicants must be board-certified or -eligi- 
ble ABPN and board-certified or -eligible 
American Board of Clinical Neurophysiol- 
ogy. The Fallon Clinic is a physician owned 
and directed multi-specialty group of 265 
physicians, providing the clinical services for 
the Fallon Community Health Plan — the 
premier HMO for central Massachusetts, as 
well as fee-for-service patients. The De- 
partment of Neurology is composed of eight 
full-time neurologists providing the full 
gamut of neurological services. Two are 
certified ABCN, two are certified in EMG, 
one certified in polysomnography. The 
department functions as an integral compo- 
nent of the Joint Teaching Program for 
Neurology Residents and students in 
collaboration with the University of Mass- 
achusetts Medical Center. The successful 
candidate will qualify for a teaching appoint- 
ment at an appropriate academic level. An 
attractive salary and benefit package is 
offered. 


If you are looking for an exciting opportunity 
in a dynamic expanding group, we are inter- 
ested in discussing this position with you. 


Please send CV to: 


Elliot Marcus, MD 
Chief of Neurology at 
Saint Vincent Hospital and Fallon Clinic 
c/o Elizabeth Andreoli, Physician Services 
100 Central Street 
Worcester, MA 01608 





STROKE NEUROLOGIST 


The Ochsner Clinic in New Orleans is seeking a BE/BC neurologist 
with fellowship training in cerebral vascular disease. The candidate 
should have strong clinical skills in managing patients with 


cerebrovascular disease. 


The Ochsner Clinic is a large (250 
MDs) multi-specialty clinic with an 
adjoining 550-bed hospital. The 
neurology service is affiliated with 
the Tulane University Neurology 
Department and our staff have 
clinical appointments at Tulane 
University. The Neurology service 
has teaching responsibilities at the 
Ochsner Foundation Hospital for 


Tulane Neurology residents and 
medical students. 


At Ochsner there are also oppor- 
tunities for individual and coop- 
erative clinical research. 


Interested physicians should send 
a complete CV to: 


Dr. Richard Strub, Chairman 
Department of Neurology 

OCHSNER MEDICAL INSTITUTIONS 
1514 Jefferson Highway 

New Orleans, Louisiana 70121 


For more details, please call: 
(504) 838-3980 








Professional Opportunities 


MAINE — General neurologist needed due to retire- 
ment. Private practice, salaried or income guarantee. 
State-of-the-art equipment. EMG and EEG skills. 
Regional referral area. One hour from Portland and 
Sugarloaf USA; forty-five minutes from coast. 
Abundant lakes, rolling hills, affordable New England 
life style. For further information, call or send your CV 
to: Lianne Harris, 63 Forest Avenue, Orono, ME 
04473. (207) 866-5680; FAX (207) 866-5696. 


NEUROLOGIST - Opportunity to join well 
established practice in Birmingham, Alabama. Warm 
climate. Great city with lots to offer. Three-four hours 
from Gulf or mountains. Hospital-based practice. 
Cordial and supportive medical staff. Salary plus 
bonus and other fringe benefits. Partnership after 
one-two years. Information without obligation. Call: 
Ms. Cornelius, IMS/Trent, 1801 Ninth Avenue South, 
Birmingham, AL 35205. (205) 933-9880; FAX (205) 
933-9883. 


NEED A DOCTOR? For the most comprehensive 
coverage to specific specialties and select sub- 
specialties, put your recruitment ad in an AMA 
specialty journal. We target your ad to the physician 
you want. To schedule your ad call our “Classified 
Advertising” office: (800) 237-9851. 


NEUROLOGY OPPORTUNITY — The Johnson 
Neurological Clinic is seeking a neurologist (BE/BC) 
with a firm working knowledge of EMG and 
neurophysiology. The clinic, a neurology/neuro- 
surgery practice, is the preeminent group in the 
region delivering care to over 300,000 in the 
Piedmont area of North Carolina. Based in High 
Point, North Carolina and serving the surrounding 
communities, the clinic practices high-quality medi- 
cine in a pleasant environment that has much to offer. 
Additional information may be obtained by calling the 
clinic at: (919) 889-8877. Or by writing to: W. Keith 
Armstrong, Administrator, Johnson Neurological 
Clinic, 606 North Elm Street, High Point, NC 27262. 
















productivity plan 


Malpractice insurance 





benefits package 


Valley 


Surgical 





Multi-soecialty clinic seeks BE/BC 


NEUROLOGIST 


Work with Neurologist, BC in Neurology and EMG. Neurodiagnostic 
lab, developing Sleep Center, and MRI in adjacent 425-bed hos- 
pital. Fellowship training and experience in movement disorders, 
stroke, EEG and sleep disorders is desired. 





e Competitive guaranteed salary with bonus 


Shareholder status available after 18 months 


Relocation and interview expense included in 


Semi-tropical Gulf Coast location is in upward bound economic 
environment and is attractive to those who enjoy outdoor sports 
such as fishing, golfing and sailing. 


Look into joining our great team! 


Diagnostic 
Medical & 


Clinic, P.A. 





Professional Opportunities 


NEUROLOGIST — Join two busy adult neurologists. 
Excellent neurophysiological laboratories. Neuro- 
radiology with MRI. Active family practice program 
with teaching available. This is an established 
practice. Two local hospitals (875 beds); 180,000 
population; near the University of lowa for referrals, 
sports and cultural events. Guaranteed salary and 
benefits the first year. Partnership possible in second 
year. Send CV to: Erich Strieb, MD, Neurological 
Associates, 4703 Bever Avenue SE, Cedar Rapids, 
IA 52403. Business (319) 366-7990; or home (319) 
365-1020. 


Positions Available 


ADULT NEUROLOGIST — Three-person, successful 
neurology group in beautiful Pennsylvania suburban 
community seeks additional member for clinical 
practice with academic affiliation. Teaching and 
research opportunities exist, subspecialty interest 
and/or fellowship desirable. Reply to: Box #840, c/o 
AON. 


LOYOLA UNIVERSITY CHICAGO Stritch School of 
Medicine seeks Director of Stroke Program. 
Resources include transcranial Doppler, modern 
neuro-imaging laboratory with SPECT, and 
molecular neuroscience laboratories. Loyola Uni- 
versity is a large center for cardiovascular disorders 
with very active surgical and cardiology programs. 
Research collaborations possible with cardiology 
and cardiovascular surgery. Candidates should be 
board-eligible or -certified neurologists with 
scholarly career interests and qualified for academic 
appointment. Send reply to: Gastone Celesia, MD, 
Chairman, Neurology Department, Loyola University 
Chicago, 2160 South First Avenue, Chicago, IL 
60153. Loyola is an equal opportunity/affirmative 
action employer. 


PLEASE NOTE - Address replies to box number 
ads as follows: Box number ——— — , c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 





Contact: 
Amanda Fuhro 


2200 Haine Drive, 


Harlingen, Texas 78550 
1-800-852-4543 

Iñ Texas- 1-800-338-4590 
Fax: 512-425-5829 












Positions Available 


EXCELLENT OPPORTUNITY 


for BC/BE neurologist to practice at Allegheny General 
Hospital in Pittsburgh, Pennsylvania. Opening for July 
1993 for private practice with geographic full-time 
appointment to the Medical College of Pennsylvania. 
Teaching and research opportunities with fully accred- 


ited residency in Neurology. Subspecialty in movement 
disorders or neuro-oncology preferred but not required. 
Subspecialty certification in EMG/muscle disease is 
highly desirable. 


Inquire to Jon Brillman, MD or forward CVs to: 
409 Baumer Street, Pittsburgh, PA 15209. 





THIRD PEDIATRIC NEUROLOGIST needed for 
busy practice, new pediatric neurology fellowship 
program. Seven neurologists in department, five 
basic neuroscientists. Opportunity for collaborative 
research. Subspecialty interests encouraged. 
Contact: Joseph B. Green, MD, Department of 
Neurology, Texas Tech University Health Sciences 
Center, Lubbock, TX 79430. 


Faculty Positions 


MICHIGAN STATE UNIVERSITY Kalamazoo Center 
for Medical Studies (MSU/KCMS). The Pediatric 
Neurology Section of MSU/KCMS is seeking a 
second BC/BE pediatric neurologist. This faculty 
position is at the assistant professor level and 
includes responsibilities for patient care and medical 
student/resident teaching. Emphasis is on clinical 
activities, including electrodiagnostics and epilepsy/ 
seizures. MSU/KCMS serves as the largest pediatric 
referral center in southwestern Michigan with 24 
pediatric subspecialists. Contact: Richard Katnik, MD, 
PhD, Director, Section of Pediatric Neurology, 
Pediatric Faculty Office, Bronson Medical Center, 
252 East Lovell Street, Kalamazoo, MI 49007. 
Telephone: (616) 341-8277. 


FACULTY POSITION-The Department of Neurology 
at the University of Massachusetts Medial Center has 
a full-time academic faculty position available for July 
1993, at the assistant or associate professor level. 
The position is for a candidate with a demonstrated 
interest and background in teaching, research and 
patient care. The proportion of time devoted to each 
of these activities is negotiable. Experience and 
seniority will be taken into consideration. Financial 
arrangements are competitive with other similar 
institutions. The University of Massachusetts Medical 
Center is an affirmative action/equal employment 
opportunity employer. Reply to: David A. Drachman, 
MD, Professor and Chairman, Department ’of Neu- 
rology, University of Massachusetts Medical Center, 
55 Lake Avenue North, Worcester, MA 01655. 


TAMPA, FLORIDA 
ACADEMIC POSITIONS 


Neurologists to join growing Neurology 
Department. Expertise in stroke or Alz- 
heimer's Disease or neurodegenerative 
diseases preferred. Research encouraged, 
teaching required. Tenure earning. Rank, 
salary and benefits negotiable. 


Closing March 15, 1993. 


Contact: 
Leon D. Prockop, MD 
Chairman 
(813) 974-2794 - FAX (813) 974-3160 


USF is an affirmative action/equal opportunity employer. 



















TEXAS TECH is searching for an academic 
electromyographer to join a busy laboratory: Well 
equipped, technically staffed. Teach residents and 
students. Seven neurologists, muscle-nerve biopsy 
laboratory, experimental neuropathologist. Contact: 
Joseph B. Green, MD, Department of Neurology, 
Texas Tech University Health Sciences Center, 
Lubbock, TX 79430. 
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Faculty Positions 


NEUROLOGIST — Board-certified or board-eligible. 


The Texas College of Osteopathic Medicine is 
recruiting an academically oriented neurologist with 
interest in clinical neurology, teaching and research. 
Faculty appointment provides competitive salary 
with excellent fringe benefits. Please send curricu- 
lum vitae and letter of inquiry to: William E. 
Mcintosh, DO, Associate Professor of Medicine/ 
Neurology, Texas College of Osteopathic Medicine, 
3500 Camp Bowie Boulevard, Fort Worth, TX 
76107-2699. TCOM is an affirmative action/equal 
opportunity employer and educator. 


ASSISTANT/ASSOCIATE PROFESSOR of clinical 
neurology. We are seeking a board-certified or board- 
eligible neurologist with some experience in general 
neurology. Some teaching experience is required. 
The individual should be capable of performing and 
interpreting routine EMGs; similar knowledge of EP is 
desired. The individual will assume a major teaching 
and clinical role in the Department of Neurology. 
Send resume immediately to: Frederick J. Samaha, 
MD, Chairman, Department of Neurology, Medical 
Sciences Building, ML 525, 231 Bethesda Avenue, 
Cincinnati, OH 45267-0525. (513) 558-5431. 


NEUROLOGY CHAIR 


Senior academic neurologist sought to be 
Chair of Division of Neurology at Cook 
County Hospital, Chicago, effective July 1, 
1993. The Neurology Chair will be 
expected to strengthen an active clinical 
service and develop new programs in 
patient care, teaching and research. 
Applicant must have documented teaching 
expertise and outstanding clinical skills. 
Send curriculum vitae, bibliography and 
name of three references to: 


Gerald Burke, MD, Chairman 
Department of Medicine 


COOK COUNTY HOSPITAL 
1835 West Harrison Street, Suite 2207 
Chicago, IL 60612 


Cook County Hospital is an equal opportunity/ 
affirmative action employer. 


Fellowships 


EMG AND NEUROMUSCULAR DISEASE fellowship 
at the University of Mississippi Medical Center: 
Comprehensive fellowship in clinical neuromuscular 
disease and electromyography (including single fiber 
EMG). The experience is based on a large MDA 
Clinic (more than 500 patients) and an active EMG 
laboratory (700 procedures/year). Muscle and nerve 
pathology training under three (3) active neuro- 
muscular specialists to include immunocyto- 
chemistry. Opportunities for clinical research. Send 
CV and three letters of recommendation to: S.H. 
Subramony, MD, Department of Neurology, 
University of Mississippi Medical Center, 2500 North 
State Street, Jackson, MS 39216-4505. University of 
Mississippi Medical Center is an equal opportunity 
employer, M/F/D/V. 


NEUROBEHAVIOR FELLOWSHIP: Emory Univer- 
sity School of Medicine invites applications for a one- 
or two-year fellowship in behavioral neurology, 
beginning on or after July 1, 1993. The fellowship will 
offer exposure to the neurology and neuropsychology 
of dementia, stroke, head injury, temporal lobe 
epilepsy, movement disorders and atypical 
psychiatric disorders. The fellow will be encouraged 
to intensively participate in one of the research 
activities of the program. Current clinical research 
includes drug trials for Alzheimer's disease, cognitive 
evoked potentials in aging and stroke and the 
behavioral problems associated with temporal lobe 
epilepsy. Current basic research involves cellular 
neuroanatomy and neurophysiology relating to 
neuronal injury. Please send letter of inquiry and CV 
to: Robert C. Green, MD, Neurobehavioral Program, 
Emory University Department of Neurology, Wesley 
Woods Center, 1821 Clifton Road NE, Atlanta, GA 
30329. Telephone: (404) 728-6682. An equal oppor- 
tunity employer. 












Medical Equipment/Supplies 
TWO GRASS Model 6 EEGs, 8 channel, good 


condition. $3,000 each plus shipping. IRBN, 66 East 
79th Street, New York, NY 10021. 


DOCTORS IN YOUR SPECIALTY are the best 
market for used/serviceable equipment that may be 
surplus to your needs. Advertise this equipment in 
an AMA specialty journal and reach your market. 
Call our “Classified Advertising” office toll free: 
(800) 237-9851. 


Medical Meetings — 


SPACTICITY AND CENTRAL PAIN: New Treatment 


Methods, Neuromodulation and Surgical Tech- 
niques. March 26-27, 1993. The Pointe Hilton Resort 
at Squaw Peak, Phoenix, Arizona. Sponsored by: 
Samaritan Rehabilitation Institute, Richard Herman, 
MD. Contact: Karen Tercero (602) 495-4936. 


December 25th. 


Please insert my ad 
Place my ad under the heading 


Enclosed is my check for $ 
must be prepaid with order. 


Institution 
Contact Person 
Address 
City 

Area Code & Telephone Number 
Authorized Signature 


State 





National (800) 237-9851 


We Target The Physician 
You Want! 


The Archives of Neurology's classified recruitment advertising section is seen by 
precisely the physician you need — neurologists, child neurologists and 
neurological surgeons. A specialized physician audience of over 14,000. 


Send us-your advertising order today. 
attach your typewritten copy. The next available issue is February which closes 


The classified rate is $1.10 per word for one issue. For three issues or more, the 
rate is $1.00 per word per issue. Minimum classified ad is 20 words. 


«ORDER FORM = = = «,5'<"< A 


times, beginning with the 


COPY FOR CLASSIFIED ADVERTISEMENT: (Please type or print to avoid errors) 


Send all copy and payments to: 


ARCHIVES 


Neurology 


Classified Department, P.O. Box 1510, Clearwater, Florida 34617 





PATIENT EDUCATION VIDEOS —Electomyography/ 
$59.95, Nerve Conduction Velocity/$59.95, 
Thermography/$59.95, Somatosensory Evoked 
Potentials/$59.95, EMG & NCV/$99.95, Patient 
Spinal Education (Neck & Back Injuries)/$139.95, 
Neurodiagnostic Testing (All Inclusive)/$139.95. 
CODs, MC, VISA, Discover, call: (800) 332-7400. 
Check or money order to: Medfo, Inc., P.O. Box 
7730, St. Petersburg, FL 33734. 30-day money back 
guarantee. 


NATIONAL STROKE ASSOCIATION announces 
career-development fellowship award ($30,000/year) 
for stroke research. Application due January 15, 
1993 for July 1993 commencement. Contact: 
National Stroke Association, 300 East Hampden 
Avenue, #240, Englewood, CO 80110. (303) 762- 
9922. 







Just complete the coupon below and 


















. All advertising 
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è Local (813) 443-7666 











BRIEF SUMMARY: Please see package insert for full prescribing information 


FIORINAL~ 
(Codeine phosphate USP. 30 mg [warning may be habit forming], butalbital USP. 50 mg [warning may be habit 
forming], caffeine USP, 40 mg, aspirin USP. 325 mg} 


CAUTION: Federal law prohibits dispensing without prescription 


CONTRAINDICATIONS: Fiorinal® with Codeine is contraindicated under the following conditions 

1 Hypersensitivity or intolerance to aspirin, caffeine, butalbital or codeine 

2 Patients with a hemorrhagic diathesis (e.g. hemophilia, hypoprothrombinemia, von Willebrand's disease, the 
thrombocytopenias, thrombasthenia and other ill-defined hereditary platelet dysfunctions, severe vitamin K deficiency 
and severe liver damage } 

3. Patients with the syndrome of nasal polyps, angioedema and bronchospastic reactivity to aspirin or other nonsteroidal 
anti-inflammatory drugs. Anaphylactord reactions have occurred in such patients 

4 Peptic ulcer or other serious gastrointestinal lesions 

5. Patients with porphyria 


WARNINGS: Therapeutic doses of aspirin can cause anaphylactic shock and other severe allergic reactions. It 
should be ascertained if the patient is allergic to aspirin, although a specific history of allergy may be lacking 

Significant bleeding can result from aspirin therapy in patients with peptic ulcer or other gastrointestinal lesions, 
and in patients with bleeding disorders 

Aspirin administered pre-operatively may prolong the bleeding time 

In the presence of head injury or other intracranial lesions, the respiratory depressant effects of codeine and 
other narcotics may be markedly enhanced, as well as their capacity for elevating cerebrospinal fluid pressure 
Narcotics also produce other CNS depressant effects, such as drowsiness, that may further obscure the clinical 
course of patients with head injuries 3 

Codeine or other narcotics may obscure signs on which to judge the diagnosis or clinical course of patients 
with acute abdominal conditions 

Butalbital and codeine are both habit-forming and potentially abusable. Consequently, the extended use of Fiorinal® 
with Codeine is not recommended 

Results trom epidemiologic studies indicate an association between aspirin and Reye Syndrome Caution should 
be used in administering this product to children, including teenagers, with chicken pox or flu 


PRECAUTIONS: General: Fiorinal® with Codeine should be prescribed with caution for certain special-risk patients 
such as the elderly or debilitated, and those with severe impairment of renal or hepatic function, coagulation disorders, 
or head injuries 

Aspirin should be used with caution in patients on anticoagulant therapy and in patients with underlying hemostatic 
defects 

Precautions should be taken when administering salicylates to persons with known allergies. Hypersensitivity to 
aspirin ıs particularly likely in patients with nasal polyps, and relatively common in those with asthma 

Information for Patients: Patients snould be informed that Fiorinal® with Codeine contains aspirin and should 
not be taken by patients with an aspirin allergy 

Fiorinal® with Codeine may impair the mental and/or physical abilities required for pertormance of potentially 
hazardous tasks such as driving a car or operating machinery. Such tasks should be avoided while taking Fiorinal® 
with Codeine 

Alcohol and other CNS depressants may produce an additive CNS depression when taken with Fiorinal® with 
Codeine, and should be avoided 

Codeine and butalbital may be nabil-forming Patients should take the drug only for as long as it ıs prescribed, 
in the amounts prescribed, and no more frequently than prescribed 

Laboratory Tests: in patients with severe hepatic or renal disease, effects of therapy should be monitored with 
serial liver and/or renal function tests 

Drug Interactions: The CNS effects of butalbital may be enhanced by monoamine oxidase (MAO) inhibitors 

in patients receiving concomitant corticosteroids and chronic use of aspirin, withdrawal of corticosteroids may 
result in salicylism because corticosteroids enhance renal clearance of salicylates and their withdrawal is followed 

return to normal rates of renal clearance 
iorinal® with Codeine may enhance the effects of 
1. Oral anticoagulants, causing bleeding by inhibiting prothrombin formation in the liver and displacing anticoagulants 
from plasma protein binding sites 
2. Oral antidiabetic agents and insulin, causing hypoglycemia by contributing an additive effect, if dosage of Fiorinal® 
with Codeine exceeds maximum recommended daily dosage 
3. 6-mercaptopurine and methotrexate, causing bone marrow toxicity and blood dyscrasias by displacing these drugs 
from secondary binding sites, and, in the case of methotrexate, also reducing its excretion 
4 Non-steroidal anti-inflammatory agents, increasing the risk of peptic ulceration and bleeding by contributing additive 
effects 
5. Other narcotic analgesics, alcohol, general anesthetics, tranquilizers such as chlordiazepoxide, sedative-hypnotics, 
or other CNS depressants, causing increased CNS depression 

Fiorinal® with Codeine may diminish the effects of Unicosuric agents such as probenecid and sullinpyrazone, 
reducing their effectiveness in the treatment of gout. Aspirin competes with these agents for protein binding sites 

Drug/Laboratory Test Interactions 

Aspinn: Aspirin may interfere with the following laboratory determinations in blood: serum amylase, se blood 
glucose, cholesterol, protein, serum glutamic-oxalacetic transaminase (SGOT), uric acid, prothrombin time and bleeding 
time. Aspirin may interfere with the following laboratory determinations in urine: glucose, 5-hydroxyindoleacetic acid, 
Gerhardt ketone, vanillyimandelic acid (VMA), uric acid, diacetic acid, and spectrophotometric detection of barbiturates 

Codeine: Codeine may increase serum amylase levels. 

Carcinogenesis, M s, Impairment of Fertility: Adequate long-term studies have been conducted in 
mice and rats with aspirin, alone or in combination with other drugs, in which no evidence of carcinogenesis was 
seen No adequate studies have been conducted in animals to determine whether aspirin has a potential for mutagenesis 
or impairment of fertility. No adequate studies have been conducted in animals to determine whether butalbital 
has a potential for carcinogenesis, mutagenesis, or impairment of fertility 

Usage in Pregnancy 

Teratogenic Effects: Pregnancy Category C — Animal reproduction studies have not been conducted with Fiorinal® 
with Codeine. It is also not known whether Fiorinal® with Codeine can cause fetal harm when administered to 
a pregnant woman or can affect reproduction capacity Fiorinal® with Codeine should be given to a pregnant woman 
only when clearly needed 

Nonteratogenic Effects: Although Fiorinal® with Codeine was not implicated in the birth defect, a temale infant 
was born with lissencephaly, pachygyria and heterotopic gray matter The infant was born 8 weeks prematurely 
to a woman who had taken an average of 90 Fiorinal® with Codeine capsules each month from the first few days 
of pregnancy The child's development was mildly delayed and from one year of age she had partial simple motor 
seizures 

Withdrawal seizures were reported in a two-day-old male infant whose mother had taken a bulalbital-containing 
drug during the last 2 months of pregnancy Butalbital was found in the infant's serum The infant was given phenobarbital 
5mq/kg, which was tapered without further seizure or other withdrawal symptoms 

Studies of aspirin use in pregnant women nave not shown that aspirin increases the risk of abnormalities when 
administered during the first trimester of pregnancy. In controlled studies involving 41,337 pregnant women and 
their offspring, there was no evidence that aspirin taken during pregnancy caused stillbirth, neonatal death or reduced 
birth weight. In controlled studies of 50,282 pregnant women and their offspring, aspirin administration in moderate 
and heavy doses during the first four lunar months of pregnancy showed no teratogenic effect 

Reproduction studies have been pertormed in rabbits and rats at doses up to 150 limes the human dose and 
have revealed no evidence of impaired fertility or harm to the fetus due to codeine 

Therapeutic doses of aspirin in pregnant women close to term may cause bleeding in mother, fetus, or neonate 
During the last 6 months of pregnancy, regular use of aspirin in high doses may prolong pregnancy and delivery 

Labor and Delivery: Ingestion of aspirin prior to delivery may prolong delivery or lead to bleeding in the mother 
or neonate. Use of codeine during labor may lead to respiratory depression in the neonate 

Nursing Mothers: Aspirin, caffeine, barbiturates and codeine are excreted in breast milk in small amounts, bul 
the significance of their effects on nursing infants is not known. Because of potential for serious adverse reactions 
in nursing infants from Fiorinal® with Codeine, a decision should be made whether to discontinue nursing of to 
discontinue the drug, taking into account the importance of the drug to the mother 

Pediatric Use: Safety and effectiveness in children below the age of 12 have not been established 


ADVERSE REACTIONS: Commonly Observed: The most commonly reported adverse events associated with the 
use of Fiorinal® with Codeine and not reported at an equivalent incidence by placebo-treated patients were nausea 
and/or abdominal pain, drowsiness, and dizziness 

Associated with Treatment Discontinuation: Of the 382 patients treated with Fiorinal® with Codeine in controlled 
clinical trials, three (0 8%! discontinued treatment with Fiorinal® with Codeine because of adverse events. One patient 
each discontinued treatment for the following reasons. gastrointestinal upset. lightheadedness and heavy eyelids. 
and drowsiness and generalized tingling 


Incidence in Controlled Clinical Trials: The following table summarizes the incidence rates of the adverse 
events reported by at least 1% of the Fiorinal® with Codeine treated patients in controlled clinical trials comparing 
Fiorinal® with Codeine to placebo, and provides a comparison to the incidence rates reported by the placebo- 
treated patients 

The prescriber should be aware that these figures cannot be used to predict the incidence of side effects in 
the course of usual medical practice where patient characteristics and other factors differ from those that prevailed 
in the clinical trials. Similarly, the cited frequencies cannot be compared with figures obtained from other clinical 
investigations involving different treatments, uses, and investigators. 


Adverse Events Reported by at Least 1% of Fiorinal® with Codeine Treated Patients 














During Placebo Controlled Clinical Trials 
f incidence Rate of Adverse Events 

Body System/ Fiorinal®/Codeine Placebo 

Adverse Event a (N = 382) (N = 377) 
Central Nervous 

Drowsiness 24% 0.5% 

Dizziness/Lightheadedness 26% 05% 

Intoxicated Feeling 10% 0% 
Gastrointestinal 

Nausea/Abdominal Pain 3.7% 08% 





Other Adverse Events Reported During Controlled Clinical Trials: The listing that follows represents the proportion 
of the 382 patients exposed to Fiorinal® with Codeine while participating in the controlled clinical trials who reported, 
on at least one occasion, an adverse event of the type cited. All reported adverse events, except those already 
presented in the previous table, are included. It is important to emphasize thal, although the adverse events reported 
did occur while the patient was receiving Fiorinal® with Codeine, the adverse events were not necessarily Caused 
by Fiorinal® with Codeine 

Adverse events are classified by body system and frequency “Frequent” is defined as an adverse event which 
occurred in at least 1/100 (1%) of the patients, all adverse events listed in the previous table are frequent. “Infrequent” 
is defined as an adverse event that occurred in less than 1/100 patients but at least 1/1000 patients. All rse 
events tabulated below are classified as infrequent. 

Central Nervous: headache, shaky feeling, tingling, agitation, fainting, fatigue, heavy eyelids, high energy, hot spells, 
numbness, and sluggishness 

Autonomic Nervous. dry mouth and hyperhidrosis 

Gastrointestinal: vomiting, difficulty swallowing, and heartburn 

Cardiovascular: tachycardia. 

Musculoskeletal: leg pain and muscle fatigue 

Genitourinary: diuresis. - 

Miscellaneous: pruritus, fever, earache, nasal congestion, and tinnitus. 

Voluntary reports of adverse drug events, temporally associated with Fiorinal® with Codeine, that have been received 
since market introduction and that were not reported in clinical trials by the patients treated with Fiorinal® with 
Codeine, are listed below Many or most of these events may have no causal relationship with the drug anc are 
listed according to body system 

Central Nervous: Abuse, addiction, anxiety, depression, disorientation, hallucination, hyperactivity, insomnia, libido 
decrease, nervousness, neuropathy, psychosis, sedation, sexual activity increase, slurred speech, twitching, uncon- 
sciousness, vertigo 

Autonomic Nervous: epistaxis, flushing, miosis, salvation 

Gastrointestinal: anorexia, appetite increased, constipation, diarrhea, esophagitis, gastroenteritis, gastrointestinal 
spasm, hiccup, mouth burning, pyloric ulcer 

Cardiovascular: chest pain, hypotensive reaction, palpitations, syncope 

Skin. erythema, erythema multiforme, exfoliative dermatitis, hives, rash, toxic epidermal necrolysis. 

Urinary: kidney impairment, urinary difficulty 

Miscellaneous: allergic reaction, anaphylactic shock, cholangiocarcinoma, drug interaction with erythromycin 
(stomach upset), edema 

The following adverse drug events may be borne in mind as potential effects of the components of Fiorinalé 
with Codeine. Potential effects of high dosage are listed in the OVERDOSAGE section of this insert. 

Aspirin: occult blood loss, hemolytic anemia, iron deficiency anemia, gastric distress, heartburn, nausea, peptic 
ulcer, prolonged bleeding time, acute airway obstruction, renal toxicity when taken in high doses for prolonged 
periods, impaired urate excretion, hepatitis 

Caffeine: cardiac stimulation, irritability, tremor, dependence, nephrotoxicity, hyperglycemia. 

Codeine. nausea, vomiting, drowsiness, lightheadedness, constipation, pruritus. 


DRUG ABUSE AND DEPENDENCE: Fiorinal® with Codeine is controlled by the Drug Enforcement Administration 
and ıs Classified under Schedule Ill 

Codeine: Codeine can produce drug dependence of the morphine type and, therefore, has the potential for 
being abused Psychological dependence, physical dependence, and tolerance may develop upon repeated 
administration and it should be prescribed and administered with the same degree of caution appropriate to the 
use of other oral narcotic medications 

Butalbital: Barbiturates may be habit forming: Tolerance, hological dependence, and physical dependence 
may occur especially following prolonged use of high doses of barbiturates. The average daily dose for the barbiturate 
addict ıs usually about 1,500 mg. As tolerance to barbiturates develops, the amount needed to maintain the same 
level of intoxication increases; tolerance to a fatal dosage, however, does not increase more than two-fold. As this 
occurs, the margin between an intoxication dosage and fatal dosage becomes smaller. The lethal dose of a barbiturate 
is far less if alcohol is also ingested. Major withdrawal symptoms (convulsions and delirium) may occur within 16 
hours and last up to 5 days after abrupt cessation of these drugs. Intensity of withdrawal symptoms gradually declines 
over a period of approximately 15 days. Treatment of barbiturate dependence consists of cautious and gradual 
withdrawal of the drug. Barbiturate-dependent patients can be withdrawn by using a number of different withdrawal 
regimens. One method involves initiating treatment at the patient's regular dosage level and gradually decreasing 
the daily dosage as tolerated by tne patient 


OVERDOSAGE: The toxic effects of acute overdosage of Fiorinal® with Codeine capsules are attributable mainly 
to the barbiturate and codeine components, and, to a lesser extent, aspirin. Because toxic effects of caffeine occur 
in very high dosages only, the possibility of significant caffeine toxicity from Fiorinal® with Codeine overdosage 
is unlikely 

Signs and Symptoms: Symptoms attributable to acute barbiturate poisoning include drowsiness, contusion, and 
coma. respiratory depression, hypotension, shock. Symptoms attributable to acute aspirin poisoning include hyperpnea, 
acid-base disturbances with development of metabolic acidosis, vomiting and abdominal pain, tinnitus, hyperthermia; 
hypoprothrombinemia, restlessness; delirium; convulsions. Acute caffeine poisoning may Cause insomnia, restlessness, 
tremor, and delirium; tachycardia and extrasystoles. Symptoms of acute codeine poisoning include the triad of: pinpoint 
pupils, marked depression of respiration, and loss of consciousness. Convulsions may occur 

Treatment: The following paragraphs describe one approach to the treatment of overdose with Fiorinal® with 
Codeine. However, because strategies for the management of an overdose continually evolve, consultation with a 
regional poison control center is strongly encouraged 

reatment consists primarily of management of barbiturate intoxication, reversal of the effects of codeine, and 
the correction of the acid-base imbalance due to salicylism. Vomiting should be induced mechanically or with emetics 
in the conscious patient. Gastric lavage may be used if the pharyngeal and laryngeal reflexes are present and 
if less than 4 hours have elapsed since ingestion. A cuffed endotracheal tube should be inserted before gastric 
lavage of the unconscious patient and when necessary to provide assisted respiration. Diuresis, alkalinization of 
the urine, and correction of electrolyte disturbances should be accomplished through administration of intravenous 
fluids such as 1% sodium bicarbonate and 5% dextrose in water 

Meticulous attention should be given to maintaining adequate pulmonary ventilation. Correction of hypotension 
may require the administration of levartereno! bitartrate or phenylephrine hydrochloride by intravenous infusion. In 
severe cases of intoxication, peritoneal dialysis, hemodialysis, or exchange transfusion may be Iesaving. 
Hypoprothrombinemia should be treated with vitamin K, intravenously 

Methemoglobinemia over 30% should be treated with methylene blue by slow intravenous administration. 

Naloxone, a narcotic antagonist, can reverse respiratory depression and coma associated with opioid overdose. 
Typically, a dose of 0.4 mg to 2 mg ıs given parenterally and may be repeated if an adequate response is not 
achieved. Since the duration of action of codeine may exceed that of the antagonist, the patient should be kept 
under continued surveillance and repeated doses of the antagonist should be administered as needed to maintain 
adequate respiration. A narcotic antagonist should not be administered in the absence of clinically significant respiratory 
or cardiovascular depression 


Toxic and Lethal Doses: 
Butalbital: toxic dose 1.0 g (adult), lethal dose 2.0-5.0 g 
Aspirin: toxic blood level greater than 30 mg/100 mL. lethal dose 10-30 g (adult) 
Caffeine: toxic dose greater than 1.0 g; lethal dose unknown 
Codeine: lethal dose 0.5-1.0 g (adult) 
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A proven combination for the 
symptom complex of tension 
headache, including the pain- 
relieving potency of codeine. 


Please see brief summary of prescribing information 
on following page 
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(Each capsule contains: codeine phosphate 30 mg; 
Waning: May be habit-forming]}; butalbital 50 mg; 
(Warning: May be habit-forming]; caffeine 40 mg; 
and aspirin 325 mg) 
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For many patients with 
Parkinson’s disease 


The causes of motor fluctuations are not completely understood; 
in some patients they may be attenuated by treatment regimens _ 
that produce steady plasma levels of levodopa. 
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112 tab bid. or 1 tab t.i.d. 


A total of 4 tabs in 3 or more divided 
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and 1 tab later p.m.) 


A total of 5 tabs in 3 or more divided 
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and 1 tablater p.m.) 


The above is only provided as an example of conversion. 
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CONTRAINDICATIONS Nonselective MAO inhibitors are contraindicated lor use 
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NOTE: The suggested advice to patients being treated with SINEMET CR is 

intended to aid in the sale and effective use of this medication. It is not a dis- 

Closure of all possible adverse or intended effects. 
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Other adverse reactions that have been reported with levodopa are: 


Psychiatric: euphoria. 
Gastrointestinal: Bitter taste, sialorrhea, brudsm, hiccups, flatulence, buming sen- 
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Turn to Transderm Scõp 
for the prevention of motion sickness 


TRANSDERM SCOP 


scopolamine 1.5 mg 


Transderm Sc6p is a prescription product that should not be used by child 
those who have trouble urinating, are allergic to scopolamine or who have 


Transderm Scop* 


scopolamine 
(formerly Transderm-V) 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


Transdermal Therapeutic System 


Programmed delivery in vivo of 0.5 mg of 
scopolamine over 3 days 


INDICATIONS AND USAGE 

Transderm Scop s indicated for prevention of nausea and vomiting 
associated with motion sickness in adults. The disc should be applied only 
to skin in the postauricular area. 

Clinical Results: Transderm Scop provides antiemetic protection within 
several hours following application of the disc behind the ear. In 195 adult 
subjects of different racial origins who participated in clinical efficacy 
studies at sea or in a controlled motion environment, there was a 75% 
reduction in the incidence of motion-induced nausea and vomiting. 
Transderm Scōp orovided significantly greater protection than that obtained 
with oral dimenhydrinate. 


CONTRAINDICATIONS 

Transderm Scép should not be used in patients with known hypersensitivity 
to scopolamine or any of the components of the adhesive matrix making 

up the therapeutic system, or in patients with glaucoma. 


WARNINGS 
Transderm Scdp should not be used in children and should be used with 
special caution in the elderly. See PRECAUTIONS. 

Since drowsiness, disorientation, and confusion may occur with the 
use of scopolamine, patients should be warned of the possibility and 
cautioned against engaging in activities that require mental alertness, such 
as driving a motor vehicle or operating dangerous machinery 

Potentially alarming idiosyncratic reactions may occur with ordinary 
therapeutic doses of scopolamine. 


PRECAUTIONS 

General 

Scopolamine should be used with caution in patients with pyloric 
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For Oral Use 


INDICATIONS AND USAGE: Nimotop® (nimodipine) is indicated for the improvement of 
neurological outcome by reducing the incidence and severity of ischemic deficits in patients 
with subarachnoid hemorrhage from ruptured congenital aneurysms who are in good neuro- 
logical condition post-ictus (e.g., Hunt and Hess Grades I-III). 
CONTRAINDICATIONS: None known. 
PRECAUTIONS: General: Blood Pressure: Nimodipine has the hemodynamic effects expected 
of a calcium channel blocker, although they are generally not marked. In patients with sub- 
arachnoid hemorrhage given Nimotop® in clinical studies, about 5% were reported to have 
had lowering of the blood pressure and about 1% left the study because of this (not all could 
be attributed to nimodipine). Nevertheless, blood pressure should be carefully monitored dur- 
ing treatment with Nimotop® based on its known pharmacology and the known effects of cal- 
cium channel blockers. 
Hepatic Disease: The metabolism of Nimotop® is decreased in patients with impaired hepatic 
function. Such patients should have their blood pressure and pulse rate monitored closely and 
should be given a lower dose (see Dosage and Administration). 
Intestinal pseudo-obstruction and ileus have been reported rarely in patients treated with 
nimodipine. A causal relationship has not been established. The condition has responded to 
conservative management. 
Laboratory Test Interactions: None known. 
Drug Interaction: It is possible that the cardiovascular action of other calcium channel block- 
ers could be enhanced by the addition of Nimotop®. 
In Europe, Nimotop® was observed to occasionally intensify the effect of antihypertensive 
compounds taken concomitantly by patients suffering from hypertension; this phenomenon 
was not observed in North American clinical trials. 
A study in eight healthy volunteers has shown a 50% increase in mean peak nimodipine plasma 
concentrations and a 90% increase in mean area under the curve, after a one-week course of cimeti- 
dine at 1,000 mg/day and nimodipine at 90 mg/day. This effect may be mediated by the known 
inhibition of hepatic cytochrome P-450 by cimetidine, which could decrease first-pass metabolism 
of nimodipine. 
esis, Mutagenesis, Impairment of Fertility: In a two-year study, higher inci- 

dences of adenocarcinoma of the uterus and Leydig-cell adenoma of the testes were observed 
in rats given a diet containing 1800 ppm nimodipine (equivalent to 91 to 121 mg/kg/day 
nimodipine) than in placebo controls. The differences were not statistically significant, howev- 
er, and the higher rates were well within historical control range for these tumors in the Wistar 
strain. Nimodipine was found not to be carcinogenic in a 91-week mouse study but the high 
dose of 1800 ppm nimodipine-in-feed (546 to 774 mg/kg/day) shortened the life expectancy 
of the animals. Mutagenicity studies, including the Ames, micronucleus and dominant lethal 
tests were negative. 
Nimodipine did not impair the fertility and general reproductive performance of male and 
female Wistar rats following oral doses of up to 30 mg/kg/day when administered daily for 
more than 10 weeks in the males and 3 weeks in the females prior to mating and continued 
to day 7 of pregnancy. This dose in a rat is about 4 times the equivalent clinical dose of 60 mg 
q4h in a 50 kg patient. 

cy: Pregnancy Category C. Nimodipine has been shown to have a teratogenic effect in 
Himalayan rabbits. Incidences of malformations and stunted fetuses were increased at oral 
doses of 1 and 10 mg/kg/day administered (by gavage) from day 6 through day 18 of pregnan- 
cy but not at 3.0 mg/kg/day in one of two identical rabbit studies. In the second study an 
increased incidence of stunted fetuses was seen at 1.0 mg/kg/day but not at higher doses. 
Nimodipine was embryotoxic, causing resorption and stunted growth of fetuses, in Long Evans 
rats at 100 mg/kg/day administered by gavage from day 6 through day 15 of pregnancy. In two 
other rat studies, doses of 30 mg/kg/day nimodipine administered by gavage from day 16 of 
gestation and continued until sacrifice (day 20 of pregnancy or day 21 post partum) were asso- 
ciated with higher incidences of skeletal variation, stunted fetuses and stillbirths but no malfor- 
mations. There are no adequate and well controlled studies in pregnant women to directly 
assess the effect on human fetuses. Nimodipine should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus. 
Nursing Mothers: Nimodipine and/or its metabolites have been shown to appear in rat milk 
at concentrations much higher than in maternal plasma. It is not known whether the drug is 
excreted in human milk. Because many drugs are excreted in human milk, nursing mothers 
are advised not to breast feed their babies when taking the drug. 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: Adverse experiences were reported by 92 of 823 patients with subarach- 
noid hemorrhage (11.2%) who were given nimodipine. The most frequently reported adverse 
experience was decreased blood pressure in 4.4% of these patients. Twenty-nine of 479 (6.1%) 
placebo treated patients also reported adverse experiences, The events reported with a frequency 
greater than 1% are displayed below by dose. 





DOSE 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30 mg 60 90mg 120mg 

S S tom (n=82) (n=71) (n=49%) (m=172) (n=4) (n=479) 
Decreased 

Blood Pressure 1 (1.2) 0 19 (3.8) 14 (8.1) 250.0) 6(1.2) 
Abnormal Liver 

Function Test 1 (1.2) 0 2 (0.4) 1(0.6) 0O 7 (1.5) 
Edema 0 0 2 (0.4) 2a -0 3 (0.6) 
Diarrhea 0 3 (4.2) 0 3a.7 0 3 (0.6) 
Rash 2 (2.4) 0 3 (0.6) 21.2) O 3 (0.6) 
Headache 0 1 (1.4) 6 (1.2) 0 0 1 (0.2) 
Gastrointestinal 

Symptoms 2 (2.4) 0 0 2a 0 0 
Nausea 1 (1.2) 1 (1.4) 6 (1.2) 1 (0.6) 0 0 
Dyspnea 1 (1.2) 0 0 0 0 0 
EKG Abnormalities 0 1 (1.4) 0 1(06) 0 0 
Tachycardia 0 1 (1.4) 0 0 0 0 
Bradycardia 0 0 5 (1.0) 1(0.6) 0 0 
Muscle Pain/Cramp 0 1 (1.4) 1 (0.2) 1 (0.6) 0 0 
Acne 0 1 (1.4) 0 0 0 0 
Depression 0 1 (1.4) 0 0 0 0 


There were no other adverse experiences reported by the patients who were given 0.35 
mg/kg q4h, 30 mg q4h or 120 mg q4h. Adverse experiences with an incidence rate of less 
than 1% in the 60 mg q4h dose group were: hepatitis; itching; gastrointestinal hemorrhage; 
thrombocytopenia; anemia; palpitations; vomiting; flushing; diaphoresis; wheezing; phenytoin 
toxicity; lightheadedness; dizziness; rebound vasospasm, jaundice; hypertension; hematoma. 
Adverse experiences with an incidence rate less than 1% in the 90 mg q4h dose group were: 
itching, gastrointestinal hemorrhage; thrombocytopenia; neurological deterioration, vomiting; 
diaphoresis; congestive heart failure; hyponatremia; decreasing platelet count; disseminated 
intravascular coagulation, deep vein thrombosis. 

As can be seen from the table, side effects that appear related to nimodipine use based on 
increased incidence with higher dose or a higher rate compared to placebo control, included 
decreased blood pressure, edema and headaches which are known pharmacologic actions of 
calcium channel blockers. It must be noted, however, that SAH is frequently accompanied by 
alterations in consciousness which lead to an under reporting of adverse experiences. Patients 
who received nimodipine in clinical trials for other indications reported flushing (2.1%), 
headache (4.1%) and fluid retention (0.3%), typical responses to calcium channel blockers. As 
a calcium channel blocker, nimodipine may have the potential to exacerbate heart failure in 
susceptible patients or to interfere with A-V conduction, but these events were not observed. 
No clinically significant effects on hematologic factors, renal or hepatic function or carbohy- 
drate metabolism have been causally associated with oral nimodipine. Isolated cases of non- 
fasting elevated serum glucose levels (0.8%), elevated LDH levels (0.4%), decreased platelet 
counts (0.3%), elevated alkaline phosphatase levels (0.2%) and elevated SGPT levels (0.2%) 
have been reported rarely. 

OVERDOSAGE: There have been no reports of overdosage from the oral administration of 
Nimotop®. Symptoms of overdosage would be expected to be related to cardiovascular effects 
such as excessive peripheral vasodilation with marked systemic hypotension. Clinically signifi- 
cant hypotension due to Nimotop® overdosage may require active cardiovascular support. 
Norepinephrine or dopamine may be helpful in restoring blood pressure. Since Nimotop® is 
highly protein-bound, dialysis is not likely to be of benefit. 

DOSAGE AND ADMINISTRATION: Nimotop is given orally in the form of ivory colored, soft 
gelatin 30 mg capsules for subarachnoid hemorrhage. 

The oral dose is 60 mg (two 30 mg capsules) every 4 hours for 21 consecutive days, prefer- 
ably not less than one hour before or two hours after meals. Oral Nimotop® therapy should 
commence within 96 hours of the subarachnoid hemorrhage. 

If the capsule cannot be swallowed, e.g., at the time of surgery, or if the patient is uncon- 
scious, a hole should be made in both ends of the capsule with an 18 gauge needle, and the 
contents of the capsule extracted into a syringe. The contents should then be emptied into the 
patient’s in situ naso-gastric tube and washed down the tube with 30 mL of normal saline 
(0.9%). 

Patients with hepatic cirrhosis have substantially reduced clearance and approximately dou- 
bled Cmax, Dosage should be reduced to 30 mg every 4 hours, with close monitoring of blood 
pressure and heart rate. 








MILES AA 








Manufactured by: Miles Inc. Encapsulated by: R.P. Scherer North America 
Pharmaceutical Division Division of R.P. Scherer Corp. 
400 Morgan Lane Clearwater, FL 33518 
West Haven CT 06516 

PD100743BS 7/92 BAY e 9736 5202-7-A-U.S.-2 © 1992 Miles Inc. 2085BS 


N09262 Printed in USA 


i 









PUBLICATION STAFF 


Offices: 515 N State St 
Chicago, IL 60610 


Editorial Processing Department 
Director: Cheryl Iverson 
Assistant Director: Paula Glitman 
Manager: Edward Jyvaskyla 
Free-lance Coordinator: Vickey Golden 
Assistant Free-lance Coordinator: 

Richard T. Porter 
Senior Copy Editor/Atex Specialist: Paul Frank 
Copy Editors: 

Hemranee Bhoyroo 

Dee E. Egger 

Donald N. La Petina 

Barbara Wojtowicz 
Manuscript Records Clerk: Wanda Hill 
Publishing Operations Division Office 
Manager, Budgets & Costs: Bonnie Van Cleven 
Manager, Advertising Activities: 

Vanessa Hayden 
Staff Assistant: Karen Branham 
Production Assistants: 

Valerie Balkcom 

Lana Rivera 
Electronic Production Department 
Director: Mary C. Steermann 
Manager, Art/Design: Thomas J. Handrigan 
Assistant Manager: JoAnne Weiskopf 
Electronic Art and Layout: Julianna K. Mills 
Electronic Coordinator: Mary Ellen Johnston 
Manager, Electronic Production: Jaye Dickson 
Electronic Production Associate: Linda Knott 
Electronic Production Operators: 

Brenda Chandler-Haynes 

Leslie Koch 

Mary Ann Kuranda 

Debra Lucas 

Lisa Swanson 

Regina Vander Reyden 
Manager, Proofreading: Barbara Clark 
Proofreaders: 

Gwen Gilberg 

Teresa H. Omiotek 

Jennifer Reiling 
Production Department 
Director: Carl Braun 
Staff Assistant: Diane Darnell! 
Manager: Susan Price 
Production Associates: 

Debbie Pogorzelski 

Christine M. Wagenknecht 
Senior Production Assistants: 

Kira Culver 

Lana C. Hampton 

Katherine R. Mutchnik 

E. Ruth White 
Production Assistants: 

Janey Stennis 

Jo Anne Turner 
Circulation Department 
Director: Beverly Martin 
Reprints: Rita Houston 
Fulfillment Department 
Director: Raymond Healy 
Specialty Journals Division Office 
Marketing Services Manager: Geoffrey Flick 
Communications Coordinator: Julie Foreman 
Administrative Assistant: Marla Hall 
Scientific and Socioeconomic 
Indexing Department 
Director: Norman Frankel 
Staff: 

George Kruto 
Mary Kay Tinerella 


Arch Neurol—Vol 50, January 1993 


ARCHIVES 


Biopsy Results in a Kindred With Lafora Disease 102 
Ivo Drury, MB BCh; Mila Blaivas, MD, PhD; 
Bassel W. Abou-Khalil, MD; Ahmad Beydoun, MD 


BOOKS 


Vertebrobasilar Arterial Disease 11 
R. Berguer and L. R. Caplan (eds) 
Reviewed by Jeffrey |. Frank, MD, José Biller, MD 


Behcet’s Disease: Basic and Clinical Aspects 11 
J. Desmond O'Duffy and Emre Kokmen (eds) 
Reviewed by Lowell A. Goldsmith, MD 


Currrent Neuro-Ophthalmology 12 
Simmons Lassell and J. T. W. VanDalen (eds) 
Reviewed by Eric L. Berman, MD 


Clinical Examinations In Neurology 12 
Mayo Clinic and Mayo Foundation 
Reviewed by Armin F. Haerer, MD 


LETTERS TO THE EDITOR 


Early Onset of Leuko-araiosis in Hypertensive Patients 13 
Raul Dominguez, MD; Arturo Famulari, MD; Gerardo Garcia, MD; 

Eduardo Bartolome, MD; Graciela D’Abraccio, MD; 

Jose Vila, MD; Alberto Gallo, MD; Miguel Cannata, MD 








Literary Illusions 14 
Andrew Kirk, MD, FRCPC 





In Reply 14 
Loren A. Rolak, MD 


REGULAR DEPARTMENTS 





Calendar 10 
Instructions for Authors = = 1% 
index to Advertisers = © 107 
Classified Advertising = «109 


CALENDAR 





January 


21-23 


22-24 


February 


24-27 


March 
14-17 


19-21 


24-31 


24-31 


Calendar of Meetings 


Miami (Fla) Neuro-Oncology Symposium, Sonesta Beach Resort, Key Biscayne, 
Fla. Contact Division of Continuing Medical Education (D23-3), PO Box 016960, 
Miami, FL 33101; (305) 547-6716. 


“Update on Headache: A Comprehensive Course in Mechanisms and Manage- 
ment,” Scottsdale, Ariz. Contact American Association for the Study of Headache, 
875 Kings Hwy, Suite 200, West Deptford, NJ 08096; (609) 845-0322. 


“The Practicing Physician’s Approach to the Difficult Headache Patient,” 
Wyndham Hotel, Palm Springs, Calif. Contact Idell Applebaum, Diamond Head- 
ache Clinic, 5252 N Western Ave, Chicago, IL 60625; (312) 878-5558. 


“Interactive Surgery and Imaging of Paranasal Sinuses, Skull Base, Brain, and 
Spine,” Silvertree Hotel, Snowmass Village, Colo. Contact Program Coordinator, 
The Johns Hopkins Medical Institutions, Office of Continuing Education, Turner 
Building, 720 Rutland Ave, Baltimore, MD 21205; (410) 955-2959. 


The Fourth Annual Neurophysiology Review Course, lowa City, lowa. Contact 
Deborah L. Hatz, Program Coordinator, University of lowa College of Medicine, 
Iowa City, IA 52242; (319) 335-8598. 


“Developmental Biology of the Cardiovascular System,” Taos, NM. Contact Key- 
stone Symposia, Drawer 1630, Silverthorne, CO 80498; (303) 262-1230. 


“Molecular Biology of Neuronal Signal Transduction,” Taos, NM. Contact 
Keystone Symposia, Drawer 1630, Silverthorne, CO 80498; (303) 262-1230. 


10 Arch Neurol—Vol 50, January 1993 


Calendar 


Vertebrobasilar Arterial 
Disease 


Edited by R. Berguer and L. R. Caplan, 
312 pp, with illus, $75, St Louis, Mo, 
Quality Medical Publishing Inc, 1992. 


This book represents the “outgrowth 
of the reports and discussions pre- 
sented at the second conference” on 
vertebral arterial disease in Detroit, 
Mich, in 1990. It documents much of 
our expanding body of knowledge on 
the subject. 

Vertebrobasilar Arterial Disease has a 
common sense organization that fa- 
cilitates its practical use as a reference 
for clinicians. It is divided into sec- 
tions on anatomy and pathology, test- 
ing and diagnosis, management, and 
long-term results of various surgical 
alternatives for posterior circulation 
revascularization and reconstruction. 

The first section, anatomy and pa- 
thology, is appropriately comprehen- 
sive and includes at least one chapter 
on every potential mechanism of pos- 
terior circulation abnormalities. In ad- 
dition to being quite informative and 
inclusive, most of the contributors to 
this section provide a balanced his- 
torical perspective on their respective 
topics. 

Section 2 is a contemporary com- 
pilation of chapters on diagnostic test- 
ing relevant to the evaluation of pa- 
tients with suspected posterior circu- 
lation abnormalities. Since it includes 
discussions on transcranial Doppler 
sonography, dynamic arteriography, 
and magnetic resonance imaging, it is 
a worthwhile “update” on the state- 
of-the-art for clinicians. The chapter, 
“Laboratory Evaluation of Vestibular 
Function” exposes the reader to the 
complexities of neurovestibular test- 
ing while heroically simplifying this 
often recondite but relevant topic. 
However, the figures in this chapter 
are disappointing and, due to inade- 
quate explanations, convey minimal 
information or understanding to the 
unfamiliar reader. 
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The final two sections, which dis- 
cuss management and long-term re- 
sults, are valuable reviews document- 
ing the gradually increasing therapeu- 
tic alternatives for treatment of ver- 
tebrobasilar disease. The chapters on 
the various surgical alternatives is par- 
ticularly educational for medical neu- 
rologists, a group typically unaccus- 
tomed to these procedures. However, 
the lack of real scientific evidence on 
the comparative efficacy of any of these 
exciting therapeutic alternatives is tru- 
ly humbling. 

The chapters of this book have been 
written in an unobtrusive manner, in 
order that unsubstantiated dogma not 
be perpetuated. While the variability 
in chapter style is, at times, distract- 
ing, this book still deserves recogni- 
tion as a practical, contemporary doc- 
umentation of the important problem 
to which the corresponding confer- 
ence was dedicated. 

JEFFREY I. FRANK, MD 
JOSE BILLER, MD 
Chicago, Ill 


Behcet’s Disease: Basic 
and Clinical Aspects 


Edited by J. Desmond O'Duffy and Emre 
Kokmen, 696 pp, $175, New York, NY, 
Marcel Dekker Inc, 1991. 


While a house officer in Boston, Mass, 
I first heard a story, possibly apocry- 
phal, that I always recall when Beh- 
cet’s disease is mentioned. A disciple 
of Behcet was visiting Boston and was 
taken to a hospital directly from Lo- 
gan Airport. He was still wearing a 
cape from his travels when a patient 
with possible Behcet's disease was pre- 
sented. After the presentation, his only 
comment was “this is not the master’s 
disease.” Thus was the state-of-the- 
art on this condition until very recent- 
ly—the matching up of clinical fea- 
tures and then often capitulating to 
authority. This nice book on Behcet's 
disease contains a strong message that 
there are major advances in under- 





standing the diagnosis, treatment, and 
prognosis of this entity. 

The book is a well-produced sum- 
mation of an international conference 
on Behcet's disease held in September 
1989. A major activity of the confer- 
ence was establishing major and mi- 
nor diagnostic criteria, and these are 
supported with detailed background 
information. Although neurologic cri- 
teria are a minor diagnostic criteria, 
there is a detailed section on clinical 
studies in Behcet’s disease that em- 
phasizes psychiatric aspects of pa- 
tients, cerebrovascular aneurysms, 
central autonomic and sleep dysfunc- 
tion, hearing and vestibular changes, 
and the value of neuromuscular bi- 
opsy specimens. Another section of 
the book contains four chapters on 
neuroradiologic findings in Behcet's 
disease; optic nerve involvement and 
ocular involvement are covered in de- 
tail. In the clinical neurology texts I 
scanned, most had between one-quar- 
ter page and four pages on Behcet's 
disease, so having a single source of 
primary data for the neurologist in 
practice and those in training should 
be useful. 

Approximately half of the book fea- 
tures clinical studies of organ system 
manifestations of Behcet’s disease; 
these are detailed in many studies 
from Japan, Tunisia, and Turkey, 
where the disease is more frequent 
than in the United States. The other 
half of the book presents short reports 
of basic science studies related to the 
immune system, possible microbio- 
logic cause, leucocyte and endothelial 
cell function, and therapeutic trials. 
The investigative studies are mainly 
descriptive and are most likely 
epiphenomena and, as such, may not 
be as long lasting in value as the clin- 
ical studies. Therapy is state of the art 
and will become dated as in most such 
studies, especially in diseases of un- 
known cause and pathophysiology. 

The book is nicely produced and 
printed. It is not a photo-offset col- 
lection of the typewritten manuscripts, 
as are many such publications. The 
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clinical papers are concise with a rel- 
ative absence of repetitive general dis- 
cussion about the disease. The price is 
high, which means that libraries, with 
their ever-threatened budgets, will 
consider the purchase carefully. The 
book belongs in medical school librar- 
ies, in the libraries of hospitals and 
departments with training programs 
in internal medicine, dentistry, der- 
matology, neurology, and ophthalmol- 
ogy. All who are true students of the 
master’s disease will want their own 
copy. 
LOWELL A. GOLDSMITH, MD 
Rochester, NY 


Currrent 
Neuro-Ophthalmology 


Vol 3, edited by Simmons Lassell and J. 
T. W. VanDalen, 420 pp, $89.95, St 
Louis, Mo, Mosby—Yearbook, 1991. 


The third volume of the biennial se- 
ries Current Neuro-Ophthalmology is a 
worthy successor to its previous two 
editions. As the number of academic 
journals continues to proliferate, it is 
becoming more and more difficult, not 
to mention more expensive, to follow 
the developments in the field of neuro- 
ophthalmology. The editors have once 
again compiled an impressive list of 
chapter authors who have reviewed 
the world’s literature over the past 2 
years and have succinctly summarized 
those findings and commented, based 
on their experience, on their signifi- 
cance. The book is organized into sev- 
en parts that are then subdivided into 
21 chapters. Each chapter has its own 
bibliography, and the references are 
perhaps the strongest part of this work. 
There are a total of more than 1800 
references included in the volume. 

This book is of interest to both oph- 
thalmologists and neurologists as it 
covers a wide spectrum of disease. 
Clinicians can find reviews of the lit- 
erature on subjects such as visual 
fields, magnetic resonance imaging, 
and orbital disease, while research- 
oriented practitioners can find infor- 
mation regarding higher visual func- 
tions, ocular alignment, and disorders 
of eye movements. 

As one of the chapter authors states, 
“neuro-ophthalmologists should not 
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share the contempt many academics 
have for case reports, since much of 
what we know is the cumulative expe- 
rience contained in many single cases.” 
This is, in fact, the framework on which 
most of neuro-ophthalmology is built, 
going back to the initial work of Frank 
B. Walsh. A wide variety of individual 
cases are described here that are very 
helpful in clinical practice. 

While there are other, more com- 
prehensive sources of information on 
neuro-ophthalmology, this book 
serves to summarize the more current 
events that are occurring in the field 
and, by its very nature, is able to be 
updated more frequently than the larg- 
er tomes. As a result, it serves as a 
very useful reference book for clini- 
cians who see neuro-ophthalmic pa- 
tients within their practices. 

ERIC L. BERMAN, MD 
Rochester, NY 


Clinical Examinations 
in Neurology 


Ed 6, by Mayo Clinic and Mayo Founda- 
tion, 520 pp, $125, St Louis, Mo, Mosby- 
Year Book, 1991. 


The sixth edition of this popular man- 
ual, first published in 1956 by the 
members of the neurology department 
at the Mayo Clinic, Rochester, Minn, 
retains the essential character of the 
previous editions. It is enlarged by 
more than 25% over the fifth edition. 
There are nearly twice as many con- 
tributors, now numbering 48. The text 
presents the neurologic history and 
examination, a chapter on coma, the 
examination of infants and children, 
and sections on laboratory and imag- 
ing procedures of aid to the neurol- 
ogist. The final chapter, “Other Lab- 
oratory Aids in Neurologic Diagno- 
sis,” deals with the types of studies 
helpful in delineating certain specific 
neurologic conditions, all useful in- 
formation but somewhat hidden in 
the book. 

Some areas are extensively rewrit- 
ten, eg, the section on neuro-ophthal- 
mology. Obsolete tests have been de- 
leted and information about comput- 
ed tomography and magnetic reso- 
nance imaging added. Different 
aspects of the neurologic examination 


and laboratory studies receive some- 
what uneven coverage. For example, 
only 6 pages are devoted to computed 
tomography and magnetic resonance 
imaging, while much more space is 
given to plain roentgenography. There 
is great detail on the examination 
of speech and language, but relative- 
ly little emphasis on organic-vs- 
nonorganic deficits and non-neurolog- 
ic abnormalities in persons with neu- 
rologic disease. Much space is de- 
voted to electroencephalography and 
electromyography, whereas the sec- 
tion on lumbar puncture and cere- 
brospinal fluid is probably too brief. 
Three pages cover the examination of 
cranial nerves IX through XII, but 6 
pages are devoted to single-fiber 
electromyography. 

This is a “how to do it” book, em- 
phasizing the methods at the Mayo 
Clinic, in general excellent, but not 
necessarily identical with those of oth- 
er institutions or individual physi- 
cians. Not all readers will wish to 
adopt the use of the Mayo Clinic sys- 
tem for recording symptoms and 
signs. The descriptions are lucid and 
adequate. The index is somewhat su- 
perficial. It lists very few functional 
disorders or functional findings that 
could be confused with neurologic en- 
tities, for example. 

This book is practical; it talks more 
about how to conduct the examina- 
tion than what an abnormality may 
denote. There are no references; any- 
one who wishes to pursue a feature in 
depth will have to consult other texts. 
One of the continued strengths of this 
book is the detailed description of the 
innervations of muscles and their in- 
dividual examination along with di- 
agrams. Useful tables of the develop- 
mental milestones for children are also 
found. 

Not all would agree with certain 
sweeping generalizations made in the 
book. For example, abandoning the 
Queckenstedt test may be fine at the 
Mayo Clinic but may not be practical 
for a physician in a small isolated com- 
munity without access to magnetic res- 
onance imaging. Overall, this contin- 
ues to be a very good book, especially 
for house officers, and can be highly 
recommended. 

ARMIN F. HAERER, MD 
Jackson, Miss 


Books 


} 
A 


p. 


Early Onset of 
Leuko-araiosis in 
Hypertensive Patients 


To the Editor —Bilateral and symmet- 
ric periventricular white-matter lucen- 
cies observed by computed tomo- 
graphic (CT) scanning, so-called leuko- 
araiosis (LA), are commonly seen in 
elderly subjects. The same type of le- 
sions have been encountered in non- 
demented and demented patients with 
or without cerebrovascular disease.’ 
The CT findings of the deep white 
matter, when symptomatic, are char- 
acterized by subcortical and cortical 
dementia, urinary incontinence, acute 
and subacute motor deficits, presence 
of primitive reflexes, and abnormal 
gait, and they have a subacute pro- 
gression with long plateau periods. 
Leuko-araiosis has been associated 
with aging, lacunar infarcts, and hem- 
orrhages seen on CT scans, a history 
of stroke, and disordered blood pres- 
sure regulation.’ We describe herein 
the relationship between LA and hy- 
pertension found in a prospective 
study carried out from June 1985 
through April 1991 in a hospital for 
elderly people. 

The patients studied, all of whom 
were of Caucasian origin, over 50 years 
old, and with a mean of 10 years of 
education, were referred through gen- 
eral neurology office branches. All sub- 
jects underwent the following assess- 
ments: neurologic examination, brain 
CT scanning (using a Somatom CR 
512-512, Siemens Erlangen [Germa- 
ny] unit), estimates of cognitive im- 
pairments (Folstein Mini-Mental State 
Examination and the Reisberg Global 
Deterioration Scale), testing with the 
use of the Hamilton Depression Scale 
and Hachinski Ischemic Score, and 


clinical and laboratory tests to deter- 


mine other medical illnesses.*” The 
noncontrast CT scans were interpret- 
ed by one neuroradiologist without 
knowledge of the clinical symptoms. 

Dementia was diagnosed accord- 
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ing to the criteria of the Diagnostic and 
Statistical Manual of Mental Disorders, 
Third Edition, and probable Alz- 
heimer’s disease was diagnosed ac- 
cording to the National Institute of 
Neurological and Communicative Dis- 
orders and Stroke—Alzheimer’s Dis- 
ease and Related Disorders Associa- 
tion work group criteria.®” Patients 
were considered hypertensive if their 
regularly sustained systolic/ diastolic 
blood pressure was greater than 160/ 
90 mm Hg, or if they were receiving 
antihypertensive drugs for previous- 
ly diagnosed hypertension. Differenc- 
es between groups were tested using 
analysis of variance and the Student- 
Newman-Keuls posteriori test. 
Table 1 summarizes pertinent de- 
mographic, clinical, and CT scan char- 
acteristics found in patients with LA. 
Subjects with LA have a mean age 
similar to data described in previous 
articles.*"°"' Table 2 shows that the 
highest number of them all is in the 
eighth decade of life. However, the 
prevalence of hypertension is higher 
in patients with LA in their sixth and 
seventh decades of life. Also, we have 
found that the proportion of patients 
with LA with extended lesions de- 
creased with age. Clinical-neurologic 
symptoms were evenly distributed in 
each age group. It was found that 
when the age of the patients was an- 
alyzed taking into consideration all 
the above characteristics (Table 3), the 
hypertensive patients were younger 
than the patients with normal blood 
pressure. The severity of LA has been 
associated with the severity of hypo- 
perfusion of subcortical white matter.” 








We found that patients with exten- 
sive diffuse white-matter lucencies as 
seen on CT scans were younger than 
patients with more localized lesions. 
A significant interaction was found 
between hypertension and the local- 
ization of the lesions. The normoten- 
sive patients with localized lesions 
were older than the patients with ex- 
tensive lesions. However, the inci- 
dence of this last type of combination 
was low (only in two of the 114 pa- 
tients). The hypertensive patients with 
localized lesions were younger than 
the normotensive patients with sim- 
ilar lesions (Table 3). 

We found a higher proportion of 
LA subjects with neurologic disorder 
(abnormal gait, urinary incontinence) 
than previously reported.*”* The fre- 


Table 1.—Selected 
Characteristics of Patients 
With Leuko-araiosis* 


Total No. of patients 114 


Sex, No. (%) 
Male 
Female 


54 (47.3) 
60 (52.6) 


Age, y (mean+SD) 72+8 


No. (%) of patients with 
Abnormal gait 
Apraxia 
Urinary incontinence 
Dementia 

Alzheimer 
Vascular 
Mixed 


No. (%) of patients with 
CT-detected 
Brain infarcts 
Brain hemorrhages 


77 (67.5) 
30 (26.3) 
36 (31.5) 
62 (54.3) 
24 (21.0) 
26 (22.8) 
12 (10.5) 


40 (35.0) 
10 (8.77) 


*CT indicates computed tomography. 


Table 2.—Prevalence of Hypertension, Extensive Leuko-araiosis (LA) Lesions, 
and Clinical-Neurologic Symptoms According to Age Group (N=114) 


Age No. of 
Group, Patients 


With LA Hypertension 





% of LA Patients With 


Extensive Lesion Clinical Symptoms 
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Table 3.—Blood Pressure, CT Scanning Lucencies Localization, 
Clinical-Neurologic Symptoms, and LA Patients’ Age* 


Variable No. of Patients 


(a) Normotension 
Hypertension 


(b) LA localization 
Frontal 
Occipital 
Frontal/occipital 
Extensive lesions 


(c) Without symptoms 
With symptoms 


(a)-(b) Interaction 

Normotension 
Frontal 
Occipital 
Frontal/occipital 
Extensive lesions 

Hypertension 
Frontal 
Occipital 
Frontal/occipital 
Extensive lesions 


Mean Age, y SD __ F Ratio 





*Post hoc test for factor localization (Newman-Keuls): normotensive and hypertensive patients 
with extensive lesions were different from groups with localized lesions, P<.01. CT indicates 


computed tomography; and LA, leuko-araiosis. 


quency of apraxic gait was also in- 
creased. This can be explained by the 
higher prevalence of vascular disease 
found by CT brain scan in our pa- 
tients (more than 40% of the patients 
have vascular ischemic or hemorrhag- 
ic lesions). We also found that in the 
group of patients with dementia a sim- 
ilar number have Alzheimer’s or vas- 
cular disease (Table 1). In the above- 
cited articles, the incidence of patients 
with Alzheimer’s disease prevailed. 
The major finding of this study is 

that hypertension is related to an ear- 
lier onset of LA. This may support the 
hypothesis that circulatory insufficien- 
cy or ischemia together with blood 
pressure instability causes white-mat- 
ter lesions. 

RAUL DOMINGUEZ, MD 

ARTURO FAMULARI, MD 

GERARDO GARCIA, MD 

EDUARDO BARTOLOME, MD 

GRACIELA D’ABRACCIO, MD 

JOSE VILA, MD 

Hospital Sirio 

Libanes—Facene 
ALBERTO GALLO, MD 
Clinica del Sol 


MIGUEL CANNATA, MD 

Instituto de Investigaciones 
Cardiologicas 

Buenos Aires, Argentina 
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Literary Illusions 


To the Editor—I became curiouser 
and curiouser as I read “Literary 
Neurologic Syndromes—Alice in 
Wonderland” by Rolak.' Although 
it is always nice to see recognition 
of Lewis Carroll’s masterpiece, I 
felt compelled to point out some 
factual errors in the article. In the 
text and in Fig 1, Rolak states that 
Alice's Adventures in Wonderland cor- 
responds to a chess game. The book 
is, in fact, based on a playing card 
theme. Through the Looking-Glass and 
What Alice Found There’ is the book 
in which Alice finds herself in the 
midst of a chess game. 

In Rolak’s Fig 4, the girl on the left 
is identified as Alice when, in fact, 
Alice is the girl on the right. 

By a curious coincidence, an excel- 
lent account of Dodgson and of Alice 
appears in the issue of National Geo- 
graphic* published in the same month 
as the ARCHIVES’ article. 

Carroll's other neurologic contribu- 
tions include perhaps the first descrip- 
tion of prosopagnosia in Humpty 
Dumpty? (predating Wilbrand’s work’ 
by 21 years) and of a hereditary neu- 
ropathy in which nerve conduction 
was so slow that a stimulus applied to 
the patient was perceived by his 
grandchildren.° 

ANDREW KIRK, MD, FRCPC 
Department of Medicine 
Division of Neurology 
University of Saskatchewan 
Royal University Hospital 
Saskatoon, Saskatchewan 
Canada S7N OXO 
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In Reply.— I am grateful for Kirk’s 
reflections on the Alice in Wonder- 
land syndrome’ and for the opportu- 
nity to un-mirror an image. My pho- 
tograph of Carroll’s photograph ap- 
parently passed through Alice’s look- 
ing-glass, for left and right were 
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reversed without being detected. In 
Fig 4, Alice, indeed, sits on the right; 
she is the pretty girl with the straight 
black hair. 

Playing cards appear near the end 
of Alice’s Adventures in Wonderland, 
and their kings and queens mirror the 
kings and queens of the chessboard in 
Through the Looking-Glass and What Al- 
ice Found There.? As I mentioned, both 
brief stories are often published to- 
gether as one volume called Alice in 
Wonderland, hence the reference to 
chess in that book. This was, perhaps, 
clearer before shortening the article 
for publication, which may have left 
a grin without a cat. 

As for Carroll’s other neurologic 
contributions, his works often reflect 
back what we wish he said rather than 
what he meant to say. Constructing 
neurologic explanations for the pecu- 
liar behavior of Alice’s companions 
provides an amusing, if nonsensical, 
diversion. True, Humpty Dumpty tells 
Alice he would not recognize her if he 
met her again because her face is so 
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similar to everyone else’s, but this is 
too opaque to credit Carroll with first 
describing prosopagnosia—which I do 
not credit to Wilbrand, either.’ 
Prosopagnosia was first noted by 
Munk’ in 1881, in dogs that had par- 
tial ablation of their occipital lobes 
and were unable to recognize their 
masters. The first description in a hu- 
man was by Charcot® himself, in 1883. 
His patient, interestingly for Looking- 
Glass scholars, saw his own face in a 
mirror and realized he could not rec- 
ognize it. Lissauer’ also described a 
case before Wilbrand. 

Still, when pursued with proper 
whimsy, clever diagnoses may appear 
in Carroll’s characters. Various author- 
ities have diagnosed Humpty Dump- 
ty with aphasia (“When I use a word 
it means precisely what I want it to 
mean...”), the White Queen with 
Alzheimer’s, the White Knight with 
Shy-Drager, the March hare with Hun- 
tington’s, the dormouse with narco- 
lepsy, and Alice herself with diplopia, 
vertigo, migraine, and pure nomina- 


tive aphasia. Will we next hear of 
Fazio-Londe in the Jabberwocky be- 
cause it whiffled and burbled? 
LOREN A. ROLAK, MD 
Department of Neurology 
Baylor College of Medicine 
One Baylor Pl 
Houston, TX 77030-3498 
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EDITORIAL 


Genetics and Molecular Medicine 


hen I left medical school, 
there were 48 chromosomes 

(so we thought). Somewhere along 
the way, we dropped two chromo- 
somes, but we picked up exons, 
introns, restriction endonucleases, 
frame shifts, inducers, and so on. 
The field of genetics and molecular 
medicine is the dominant field of 
research in biomedical science. It 
also holds the greatest promise for 
understanding and treating many 
diseases. The techniques that devel- 
oped for this research have 
spawned a major new industry. The 
new knowledge has already raised 
novel and difficult ethical questions. 
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The Journal of the American Medical 
Association and its family of specialty 
journals, recognizing the importance 
of these advances, will have genetics 
and molecular medicine as its theme 
issue in the fall of 1993. The Archives 
of Neurology invites contributions on 
this subject to be submitted by April 
1, 1993. These may be original articles 
on any aspect of the subject—basic 
and clinical research, observations, 
treatment, or ethics. 

The guest editor for this issue is 
Roger N. Rosenberg, MD, a distin- 
guished neurologist and neuroscien- 
tist with a special interest in this field. 
He is the author of Neurogenetics and an 


editor of The Molecular and Genetic 
Basis of Neurological Disease. He is Pro- 
fessor of Neurology and holds the 
Abe (Brunky), Morris, and William 
Zale, chair in Neurology at the Univer- 
sity of Texas Southwestern Medical 
School in Dallas. 

The JAMA will run a series of arti- 
cles prior to the theme issue that will 
introduce the subject to its readers. 
This will prove useful for those of us 
who are still in the round and wrin- 
kled pea stage of knowledge. 

ROBERT J. JOYNT, MD, PHD 
Chief Editor 


Editorial 


Original Contribution 





Clinical and Magnetic Resonance Features of the Classic 
and Akinetic-Rigid Variants of Huntington’s Disease 


Danae Oliva, MD; Francesco Carella, MD; Mario Savoiardo, MD; Liliana Strada, MD; Paolo Giovannini, MD; 
Daniela Testa, MD; Graziella Filippini, MD; Tommaso Caraceni, MD; Floriano Girotti, MD 


e We studied 32 patients with confirmed Huntington’s dis- 
ease (HD); six (mean age, 31.7 years) had the akinetic-rigid 
form and 26 (mean age, 46.1 years) had the classic hyper- 
kinetic form. Clinical examination included a count of ab- 
normal involuntary movements, motor self-sufficiency eval- 
uation by the Physical Disability Rating Scale, cognitive 
function assessment by the Mini-Mental State examination, 
and a verbal fluency test. Magnetic resonance imaging per- 
mitted measurement of bicaudate diameter, a sensitive in- 
dicator of caudate atrophy in HD. Patients with the 
akinetic-rigid form of HD were younger and had earlier 
disease onset than those with the classic form of HD. All 
patients with akinetic-rigid HD (group 1) had striatal 
hyperintensity on T,-weighted magnetic resonance images; 
seven patients with classic HD (group 2) had a similar ab- 
normality. Groups 1 and 2 were in fact similar in all other 
respects, except that the number of abnormal involuntary 
movements was greater in group 2. Groups 1 and 2 togeth- 
er had significantly younger age at onset, lower Mini-Mental 
State Examination score, more severe motor disability, 
worse verbal fluency test result, and greater bicaudate di- 
ameter than the 19 patients with classic HD without mag- 
netic resonance signal abnormality (group 3) and appear to 
be a uniform population, distinct from group 3. The abnor- 
malities on magnetic resonance images indicated greater 
striatal damage in groups 1 and 2, which could be the neu- 
roanatomic substrate of their greater motor and cognitive 
compromise. 
(Arch Neurol. 1993;50:17-19) 


i untington’s disease (HD) may present in both juvenile 

and adult patients with akinetic-rigid signs,’ al- 
though a higher incidence of such signs, as well as faster 
disease progression and more severe mental deterioration, 
are reported in the juvenile variant.** It has been suggest- 
ed that more severe atrophy and neuronal loss in the stri- 
atum can account for the less favorable course of the juve- 
nile form.*’ In the adult akinetic-rigid variant of HD, 
anatomic damage to the striatum is more evident than in 
typical hyperkinetic HD.’ Early age at onset and early ap- 
pearance of akinetic-rigid signs may therefore be predic- 
tive features of faster disease progression in HD. 
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Table 1.—Comparison of Patients With Akinetic-Rigid 
and Classic Forms of Huntington’s Disease* 









Classic Form 
(n=26) 


46.1 (15.5) 


Rigid Form 
(n=6) 


31.7 (10.8)t 


















Age, y 


Illness duration, y 6.5 (3.4) 8.1 (4) 
Age at onset, y 25.1 (9.8)t 37.9 (13.8) 
Hyperkinesias 57.8 (10.0)4 195.3 (113.3) 
Motor disability 48.3 (18.5) 62.3 (22.1) 
MMSE score 17.8 (7.1) 22.6 (5.6) 
Set Test 15.6 (13.3)§ 29.2 (11.9) 


Bicaudate diameter, 


mm 30 (3) 24 (7) 





*All six patients with the rigid form of the disease and seven of 26 pa- 
tients with the classic form had hyperintense signal in striatum on mag- 
netic resonance imaging. MMSE indicates Mini-Mental State examina- 
tion. Values are mean (SD). 

+P<.05. 

+P<.001. 

§P<.02. 


In a previous magnetic resonance (MR) imaging study,’ 
signal hyperintensity on T,-weighted images of the puta- 
men and caudate nuclei of patients with the akinetic-rigid 
form of HD was interpreted as the expression of greater 
striatal damage. In general, however, neuroimaging has 
not thus far been used to investigate differential cerebral 
damage in the various forms of HD. Therefore, to correlate 
clinical and MR features of HD variants, we compared pa- 
tients with the classic hyperkinetic and the akinetic-rigid 
variants of HD. 


PATIENTS AND METHODS 


Thirty-two patients with HD defined by the criteria of Folstein 
et al were studied: six patients (aged 21 to 49 years; mean age, 
31.7 years) had the Westphal or “rigid” form characterized by 
akinesia and rigidity and were diagnosed according to the crite- 
ria of Bruyn and Went'; the remaining 26 patients (aged 15 to 70 
years; mean age, 46.1 years) had the classic hyperkinetic form. 
Disease onset was taken as the time of first appearance of hyper- 
kinesia or motor disorders, such as balance disturbance, dystonia, 
or bradykinesia.” In three patients with the akinetic-rigid form of 
HD, onset was in the second decade (at ages 15, 17, and 19 years) 
but was later (at ages 28, 32, and 40 years) in the others. In the pa- 
tients with hyperkinetic HD, disease onset ranged from ages 12 
to 64 years. 

Twelve patients were being treated with neuroleptic drugs, 
three with benzodiazepines, and one with antidepressants. Drugs 
were withdrawn 2 weeks before the evaluation. 

Clinical examination included evaluation of motor and mental 
status. Particular care was taken to check for psychopathologic 
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Fig 1.—Magnetic resonance intermediate (repetition time, 2000 milli- 
seconds; echo time, 50 milliseconds) axial projection in patients with the 
rigid (left) and classic (right) forms of Huntington’s disease. Arrows show 
abnormal signal intensity in the caudate nuclei and putamen in patients 
with the rigid form of the disease. 





Fig 2.—Magnetic resonance intermediate (repetition time, 2000 milli- 
seconds; echo time, 50 milliseconds) coronal projection in patients with 
the rigid (left) and classic (right) forms of Huntington’s disease. Note 
higher signal intensity in the caudate nuclei and putamen than in the in- 
sular cortex in patients with the rigid form of the disease. 


disturbances, such as depression, reduced motor and verbal 
initiative, apathy, anxiety, hyperactivity, delusions, and halluci- 
nations. Hyperkinesias were recorded by summing the number 
of involuntary movements observed during a 2-minute period 
involving different body parts.'* Motor self-sufficiency was 
assessed with the Physical Disability Rating Scale,” and general 
cognitive function was assessed with the Mini-Mental State 
examination. A verbal fluency test quantified verbal inertia and 
reduced semantic searching.'*'® This took the form of a Set Test!” 
in which patients were asked to find as many words as possible 
in 30 seconds belonging to four different categories (ie, flowers, 
animals, fruits, and towns). 

All patients underwent MR imaging with a 0.5-T gyroscan unit 
(Philips Medical System International, Eindohoven, the Nether- 
lands). Magnetic resonance imaging of the brain was performed 
with gradient-echo (fast field echo) and spin-echo techniques. T- 
weighted gradient echo images (repetition time, 680 milliseconds; 
echo time, 25 milliseconds; 90° pulse angle) were obtained in the 
sagittal and coronal planes. Intermediate and T2-weighted spin- 
echo images (repetition time, 2000 milliseconds; echo time, 50 to 
100 millisecomds) were obtained in the axial and coronal planes. 
Both axial and coronal sections demonstrated striatal signal 
abnormalities in intermediate and T.-weighted images. The 
bicaudate diameter was measured in millimeters as a sensitive 
indicator of caudate atrophy in HD"'"*; measurement was ob- 
tained from axial spin-echo T,-weighted images demonstrating 
the frontal horns at their widest point. 

Statistical evaluation included one-way analysis of variance 
and Student’s t test. The difference in the frequency of psycho- 
logical disorders between the groups was analyzed by the x? test. 


18 Arch Neurol—Vol 50, January 1993 








Table 2.—Patients With the Classic Form of sig at a 
Disease With (Group 2) and Without (Group 3) _ 
Magnetic Resonance ae Abnormalities Compared 
With Those With the Akinetic-Rigid Form of 
Huntington’s Disease (Group 1)* 












Group 1 
(n=6) 


Group 2 
(n=7) 


Group 
3 (n=19) 






Age, y 31.7 (10.8)t 35.0 (12.0) 50.2 (14.9) 
Illness duration, y 6.5 (3.4) 8.4 (3.9) 8.0 (4.2) 
Age at onset, y 25.1 (9.8)§ 26.2 (8.3)|| 42.2 (13.0) 


Hyperkinesias 


( 
( 
57.8 (10.0) # 112.1 (56.2)ł 226.0 (114.0) 
( 


Motor disability 48.3 (18.3)t 48.5 (27.9)} 67.3 (17.9) 
MMSE score 17.8 (7.1)t 20.1 (5.5) 23.6 (5.5) 
Verbal fluency 15.6 (13.3)# 20.5 (13.8)# 32.4 (9.6) 


Bicaudate 


diameter, mm 30 (3)t 29 (6)+ 22 (6) 


*Hyperintense signal in striatum was noted on magnetic resonance 
imaging in groups 1 and 2 but not group 3. MMSE indicates Mini-Mental 
State examination. Values are mean (SD). 

tGroup 1 vs group 3, P<.05. 

+Group 2 vs group 3, P<.05. 

§Group 1 vs group 3, P<.007. 

||Group 2 vs group 3, P<.006. 

4 Group 1 vs group 2, P<.05. 

#Group 1 vs group 3, P<.002. 








Table 3.—Mental Disorders in the Different Groups of 
. Patients With Huntington’s Disease* 


Mental Disorders, No. (%) 


Group 1 
(n=6) 


2 (33.3) 


Group 2 
(n=7) 


1 (14.3) 


Group 3 
(n=19) 


Depression 5 (26.3) 


Delusions and 


hallucination 1 (16.6) 2 (28.5) 8 (42.1) 


Apathy and reduced 
motor and verbal 
initiative 


6 (100) 7 (100) 11 (57.9) 
1 (16.6) 1 (14.3) 5 (26.3) 


*Group 1 indicates patients with the rigid form of Huntington's dis- 
ease; group 2, those with the classic form with signal abnormalities; and 
group 3, those with the classic form without signal abnormalities. 


RESULTS 


Patients with the akinetic-rigid form of HD were young- 
er, had earlier disease onset, fewer hyperkinesias, and 
worse verbal fluency than those with the classic form (Ta- 
ble 1). 

Patients with the akinetic-rigid and hyperkinetic forms 
of HD did not differ with respect to bicaudate diameter. All 
patients with akinetic-rigid HD (group 1) showed striatal 
hyperintensity on intermediate and T,-weighted MR im- 
ages (Figs 1 and 2). Seven of the 25 patients with hyperk- 
inetic HD (group 2) had signal hyperintensity in the stri- 
atum similar to that noted in those with akinetic-rigid HD 
(Table 2). The remaining 19 hyperkinetic patients (group 3) 
showed no signal abnormalities in the basal ganglia (Figs 
1 and 2 and Table 2). 

Group 2 patients had more hyperkinesias than group 1 
patients but did not differ from them in other respects. 
Significant differences were noted, however, when group 
3 was compared with groups 1 and 2. Patients in groups 
1 and 2 had younger age at onset, fewer hyperkinesias, 


Anxiety 
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more severe motor disability, worse Mini-Mental State ex- 
amination scores, and greater reduction of verbal fluency 
than group 3 patients. The Mini-Mental State examination 
total score was significantly lower in group 1, but not in 
group 2, compared with group 3. Bicaudate diameters 
were smaller in group 3 than in groups 1 and 2 (Table 2). 
Apathy and reduced verbal and motor initiative were 
always observed in patients in groups 1 and 2. No signif- 
icant differences were noted between the groups in inci- 
dence of depression, delusions and hallucinations, and 
anxiety (Table 3). 


COMMENT 


There is little agreement on the characteristics of striatal 
neuronal loss in the rigid form of HD compared with the 
classic form. However, it is clear that putaminal atrophy is 
more severe and that damage to the striatal projections to 
the lateral and medial pallidum is greater in the akinetic- 
rigid form of HD.°* Greater putaminal damage and loss of 
projections to the external and medial pallidum are re- 
garded as the structural substrates of the akinetic-rigid 
signs, whereas loss of striatal projections to the lateral pal- 
lidum accounts for the typical hyperkinetic signs in the 
disease.” 

All six patients with akinetic-rigid HD showed a hyper- 
intense signal on T-weighted images in the striatum, in- 
dicating increased water content and consistent with glio- 
sis and neuronal loss.”’’ Because this finding is present in 
other basal ganglia diseases,” it cannot be considered 
pathognomonic of akinetic chorea; it simply indicates 
more severe striatal damage consistent with the increased 
bicaudate diameter found in these patients. 

Similar striatal signal alterations, as well as increased 
bicaudate diameters, were found in seven patients with the 
classic form of HD (group 2); many of their clinical 
features, however, were similar to those of patients with 
akinetic-rigid HD, differing from those of the remaining 19 
(group 3) patients with classic chorea. Thus, patients in 
groups 1 and 2 had earlier onset, fewer hyperkinesias, and 
greater verbal inhibition than group 3 patients; motor dis- 
ability and mental decay were also slightly worse in 
groups 1 and 2. It seems, therefore, that patients in groups 
1 and 2 were distinct from those in group 3 and constitute 
a fairly homogeneous choreic population. The different 
clinical, cognitive, and motor impairment pattern might 
therefore be due to quantitatively different pathologic in- 
volvement of the striatum. 

Literature reports on HD emphasize faster motor and 
mental decay'” and shorter disease duration? in the 
akinetic-rigid and juvenile forms. The pathologic study by 
Myers et al’ supported these clinical observations in that 
it showed greater striatal atrophy in juvenile-onset chorea 
compared with that in intermediate- or late-onset HD. 
Furthermore, patients with late-onset chorea seem to have 
a slower and less debilitating disease course than those 
with intermediate-onset chorea,!?™* despite similar clinical 
features in the two groups. 

Our data also support the role of early-onset disease and 
early occurrence of akinetic signs as predictors of unfavor- 
able progression in HD. However, the motor and psycho- 
logical differences between the two patient groups, which 
we have related to the presence or absence of signal alter- 


_ ation in the striatum, vary only quantitatively. The usual 


clinical course of HD is one of increasing akinetic signs and 
reduced or stabilized hyperkinesia.””° The course of men- 
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tal decay is characterized by increasing apathy, reduction 
of verbal communication, and a tendency to mutism.’ 
Impaired verbal fluency in patients with hyperintense 
striatal signals may be an expression of severe apathy and 
loss of initiative in searching semantic material.’ 

We conclude that increased bicaudate diameter and 
hyperintense MR signal in the striatum in patients with HD 
are the radiologic expressions of more severe anatomic 
damage in the akinetic-rigid form of HD correlating with 
the greater motor and cognitive impairment in these 
patients. 
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Original Contribution 


Idiopathic, Progressive Mononeuropathy in Young People 


John W. Engstrom, MD; Robert B. Layzer, MD; Richard K. Olney, MD; Michael B. Edwards, MD 


e We describe six young patients with insidiously progres- 
sive, painless weakness in the distribution of a single major 
lower extremity nerve. No cause could be found despite 
extensive evaluation, including surgical exploration. At the 
time of diagnosis, all patients had weakness and three pa- 
tients had sensory loss. In all cases, electromyography 
revealed a chronic axonal mononeuropathy without con- 
duction block or focal conduction slowing. Magnetic reso- 
nance, computed tomographic, and ultrasound imaging 
studies did not identify a region of nerve swelling, mass, or 
compression. At surgical exploration, the nerve appeared 
atrophic in two patients, indurated in one patient, and nor- 
mal in two patients. Biopsy specimens obtained from two 
abnormal nerves revealed either wallerian degeneration or 
endoneurial fibrosis. The clinical features of these patients 
comprise an unusual clinical entity with no known cause or 
treatment. 
(Arch Neurol. 1993;50:20-23) 


S lowly progressive mononeuropathies are frequently 
caused by compression or entrapment, usually at 
predictable sites along the course of a nerve. Carpal tun- 
nel syndrome, ulnar neuropathy at the elbow, and pero- 
neal neuropathy at the fibular head are the best-known 
examples. A progressive mononeuropathy that cannot be 
localized to these entrapment sites or is not caused by a 
demonstrable tumor is a difficult clinical management 
problem. We have seen six patients with a progressive 
neuropathy of a major lower extremity nerve, the cause 
of which could not be established despite thorough 
investigation. 


REPORT OF CASES 


CASE 1.—An 18-year-old woman developed numbness of the 
ball and heel of her right foot. Over the next 8 years, the numb- 
ness spread to include the entire sole of her right foot and toes, 
sparing the leg and top of the foot. In the last 2 years, progressive 
weakness of her right ankle prevented her from ice-skating or 
dancing. 

Examination at age 26 years showed right-sided pes cavus and 
hammer toes. The left foot was normal. There was severe weak- 
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ness and moderate atrophy of all the muscles supplied by the 
right posterior tibial nerve. Pressure on the right posterior tibial 
nerve in the popliteal fossa produced paresthesias on the sole of 
the foot. Muscles supplied by the right peroneal nerve were nor- 
mal in bulk and power. Superficial sensation was reduced and 
unpleasant in the territory of the right posterior tibial nerve. 

Both sural nerve action potentials (NAPs) and both peroneal 
compound muscle action potentials (CMAPs) were normal and 
symmetrical in amplitude. The right and left sural and peroneal 
nerves had normal conduction velocities. Minimum F-wave 
latencies were normal and symmetrical for the peroneal nerves. 
In contrast, the right tibial CMAP was unobtainable with surface 
recording electrodes placed over the abductor hallucis muscle. 

Needle electromyography of the right gastrocnemius muscle 
showed severely diminished recruitment of motor units, but lit- 
tle acute denervation or reinnervation. Signs of mild chronic par- 
tial denervation with reinnervation were found in the right tibi- 
alis anterior and peroneus longus muscles. Electromyographic 
results were normal for the long and short heads of the biceps 
femoris, semitendinosus, and paraspinal muscles. These elec- 
trodiagnostic results suggested a sciatic neuropathy with a lesion 
proximal to the popliteal fossa. 

Magnetic resonance imaging (MRI) of the lumbosacral spine 
was normal. Computed tomographic scans and MRI of the distal 
thigh and proximal calf showed atrophy of calf muscles, but failed 
to demonstrate a mass or cyst within or near the nerve. Ultra- 
sound images of the right calf, popliteal fossa, and thigh were 
normal. 

At surgical exploration of the distal thigh and popliteal fossa, 
the tibial and peroneal nerves appeared normal (Fig 1). The per- 
oneal division or nerve was easily stimulated, both at the sciatic 
notch proximally and in the popliteal fossa. Only a small response 
was obtainable with stimulation of the tibial nerve at the same two 
sites. Biopsy of a small tibial nerve twig revealed a few myeli- 
nated and unmyelinated fibers, but 90% of the fascicle was fibrotic 
(Fig 2). There was no evidence of onion bulb formation. 

The patient’s neurologic deficit was clinically unchanged 1 year 
later. Four years after surgery (12 years after onset of symptoms), 
she reported slightly increased limping on the right leg and slight 
worsening of sensory loss on the right sole. The amplitude of the 
right sural NAP had fallen to one third the amplitude of the left 
sural NAP, suggesting that the neuropathy was still progressing 
and involving sensory fibers at or distal to the dorsal root ganglia. 
Magnetic resonance imaging with oblique views of the sciatic 
nerve in the pelvis and at the sciatic notch was normal. Anti-GM, 
and asialo GM, ganglioside antibody titers were normal. 

CASE 2.—A 20-year-old man experienced difficulty running 
and slowly progressive, painless weakness of the right leg over 
2 years. He noticed decreased sensation on the medial aspect of 
the right leg between the knee and ankle. Examination at age 22 
years revealed weakness and wasting of the right quadriceps 
muscle, mild weakness of the right iliopsoas, and preserved 
power of right thigh adductors and abductors. There was a 
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Fig 1.— The bifurcation of the sciatic nerve into the peroneal nerve (top 
of picture) and tibial nerve (bottom of picture) is shown. The nerves are 
normal in appearance, but the tibial nerve was indurated to touch. 





Fig 2.— Tibial nerve fascicle. Axonal loss is well demonstrated through- 
out the section. The poor penetration of osmium tetroxide in deeper 
portions of the section is typical of fibrotic nerve (toluidine blue, orig- 
inal magnification X 250). 


clearly demarcated sensory loss in the entire distribution of the 
right femoral nerve, including the thigh and the lower leg. 

Nerve conduction studies revealed normal amplitude of the 
right sural NAP and peroneal CMAP. Needle electromyography 
showed chronic partial denervation with reinnervation in the 
right vastus lateralis muscle, and no abnormality in the right 
lumbar paraspinal and tibialis anterior muscles or the left vastus 
lateralis muscle. Pelvic and thigh computed tomographic scans 
revealed mild atrophy of the right iliacus and anterior thigh 
muscles, sparing the psoas muscle. At laparotomy, the femoral 
nerve was exposed from the lumbar roots proximally to 12.5 cm 
below the inguinal ligament distally. The femoral nerve was nor- 
mal in size and appearance throughout its course. 

When the patient was seen at follow-up 6 years later (8 years 
after the onset of the symptoms), weakness and wasting were 
unchanged in the right quadriceps. There was a mild increase of 
weakness of the right iliopsoas, and new weakness of the right 
thigh adductor muscles. There was a reduction of sensation in the 
right lateral femoral cutaneous nerve territory. The saphenous 
NAP amplitude was reduced on the right (1 pV) and normal on 
the left (6 uV). Needle electromyography revealed signs of 
chronic partial denervation and reinnervation in the right vastus 
medialis, rectus femoris, and iliopsoas muscles, but normal 
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Nerve 
Appearance 
at Surgery 


Patient No./ 
Age, y/Sex 


Duration 


Distal sciatic Fibrosis 


(tibial>peroneal) 


1/1 8/F 


2/22/M Femoral Normal 
3/10/M 
4/26/F 

5/27/M 


6/15/F 


Comm peroneal Atrophy 


Comm peroneal Atrophy 


Sciatic Normal 


Sciatic 


results in the right lumbar paraspinal muscles. A computed 
tomographic scan extending from the lower abdomen through the 
right upper thigh was abnormal only for atrophy of the right rec- 
tus femoris, iliacus, and psoas muscles. 


RESULTS 
Clinical Features 


The clinical findings in our six patients are summarized 
in Table 1. All 6 patients were children or young adults 
with slowly progressive mononeuropathies in a lower ex- 
tremity. The age of onset was between 9 and 27 years. The 
time from onset of symptoms to diagnosis of the mono- 
neuropathy varied from 3 months to 8 years. The initial 
symptom was painless weakness in five patients and sen- 
sory loss in one patient. All patients had insidiously pro- 
gressive weakness and muscle atrophy in the distribution 
of a major nerve trunk. Three patients had both detailed 
sensory examination findings and reduced sensory NAP 
amplitudes in the appropriate nerve. Five patients had 
sensory loss on physical examination that filled the entire 
territory of the appropriate sensory nerve. Although 
patient 3 did not undergo a detailed sensory examination, 
the superficial peroneal sensory NAP was unobtainable 
only on the affected side. Thus, all of our patients had de- 
monstrable sensory loss in an appropriate nerve distribu- 
tion, but none complained of pain. 

The electrodiagnostic findings are summarized in Table 
2. Initial electrodiagnostic studies provided evidence for 
chronic axonal degeneration and reinnervation in the dis- 
tribution of a single nerve. Nerve conduction studies for all 
patients were abnormal only for reduced amplitudes of 
sensory NAPs or CMAPs; conduction velocities and 
F-wave results were normal in all cases. 

Although electrodiagnostic tests and imaging studies 
failed to reveal a demyelinating lesion (suggestive of com- 
pression) or a tumor, exploratory surgery was undertaken 
in the first five patients. The suspected localization of the 
lesion (affected nerve segment) was inferred from the pat- 
tern of weakness and sensory loss, the distribution of de- 
nervation on electromyography, and the pattern of muscle 
atrophy on imaging studies. Surgical exploration was per- 
formed at, and proximal to, the suspected localization. The 
exploration was extended proximally and distally for a 
variable distance, depending on the nerve and the clinical 
deficits. The explored nerves appeared atrophic in two pa- 
tients, indurated in one, and normal in two. To our 
surprise, no extrinsic or intrinsic masses, compressive le- 
sions, or specific pathologic features were found. 
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Sensory 
Patient 
No. Nerve 


Amplitude, pV Nerve 


R peroneal 
R tibial 
L peroneal* 


R sural 


L sural 


R saphenous R peroneal 


L saphenous 


L sural 15 
L cutaneous peroneal Not obtained 
R cataneous peroneal 25 


R sural 15 


L peroneal 
L peronealt 
R peroneal 


L peroneal 
L tibial 
R peroneal 


L peroneal 


R tibial 
L tibial 
R peroneal 


R sural 3 
L sural 20 
R cutaneous peroneal Not obtained 


L cutaneous peroneal 13 L peroneal 


Motor 


Amplitude, mV Chronic Denervation 


Not obtained 


Not obtainedt 


Electromyography 


Normal Results 


22 R medial gastrocnemius R biceps femoris (long and 
short heads) 
R semitendinosus 


R L;-S; paraspinal 


3.0 R tibialis anterior 
R peroneus longus 


R tibialis anterior 
L vastus lateralis 
R L,-L; paraspinals 


3.8 R vastus lateralis 
R rectus femoris 
R iliopsoas 


L tibialis anterior L biceps femoris (short head) 
j e 


4.2 


0.1 L tibialis anterior 
5.0 L extensor digitorum 
brevis 


L medial gastrocnemius 


2.0 


1.6 L tibialis anterior 
L gastrocnemius 
L biceps femoris 

(short head) 


R tibialis anterior 
R medial gastrocnemius 
R biceps femoris 
(short head) 
R biceps femoris 
(long head) 


L vastus lateralis 
L gluteus medius 
L Lys, Ls-S, paraspinal 


R vastus medialis 
Atas, 





*Peroneal motor nerve conduction studies performed with recording over extensor digitorum brevis, unless otherwise indicated. 


tRecording over tibialis anterior. 


COMMENT 


The lack of a demonstrable cause for mononeuropathy 
in our patients raises several questions. 

Was a nerve lesion missed at surgery? The surgical ex- 
ploration was extended into the proximal thigh of patient 
1, but it is conceivable that the lesion was more proximal. 
Follow-up clinical examination over an 8-year period plus 
MRI of the pelvis and sciatic nerve failed to demonstrate 
such a lesion. The surgical exploration of patient 2 extend- 
ed from the lumbar nerve roots proximally to the takeoff 
of nerve twigs to the quadriceps muscle and did not reveal 
a lesion. Although a very small intraneural lesion cannot 
be fully excluded, incomplete surgical exploration seems 
unlikely to account for the nerve lesions of these patients. 

Could the electrodiagnostic studies have missed a prox- 
imal compressive lesion? Distal compressive neuropathies 
can be localized with high sensitivity by focal conduction 
block or conduction slowing.'’* Proximal lesions are less 
accessible to standard nerve conduction studies, although 
F-wave studies may help to detect proximal demyelinative 
lesions.* Repetitive compression at an unusual proximal 
site along a nerve might cause a slowly progressive neu- 
ropathy.” No compressive lesion could be demonstrated 
in our patients by either imaging studies or surgical 
exploration. 

Could some of our patients have had a nerve tumor that 
was not discovered by our investigations? Thomas et al® 
and Gross and Schwartz’ reported that almost all of their 
patients with sciatic nerve tumors had limb pain or dyses- 
thesias, while pain was absent in our cases. An asymp- 
tomatic palpable mass is another common mode of pre- 
sentation for nerve tumors.*’ The lack of concentric 
laminations (onion bulbs) of perineurial cells associated 
with myelin and axonal loss is evidence against localized 
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hypertrophic mononeuropathy. While the absence of pain 
or a mass in the setting of a chronic progressive mono- 
neuropathy does not entirely exclude the presence of a 
nerve tumor,’ the combination of negative surgical explo- 
rations, negative imaging studies, and long follow-up 
without discovery of a nerve tumor renders this diagnosis 
unlikely in our cases." 

Commonly recognized causes of mononeuropathy are 
unlikely in our patients. Both the chronic progressive fo- 
cal nature of the nerve involvement and the lack of pain are 
against an ischemic cause. The lack of conduction block, 
the normal nerve conduction velocities, the normal F-wave 
results, and the evidence for axonal loss are against a de- 
myelinative process such as chronic inflammatory de- 
myelinative neuropathy or multifocal motor neuropathy. 
There was no history of recurrent trauma to explain pro- 
gression over months to years. Among our patients, spread 
of the deficit outside of a single nerve territory occurred 
only in patient 2. 

A few cases similar to ours have been reported. Jones et 
alé described a 6-year-old boy with a 3-year history of 
progressive, painless, axonal mononeuropathy of the sci- 
atic nerve. Surgical exploration of the sciatic nerve at the 
sciatic notch was unrevealing.'® Crisi and coworkers? de- 
scribed a 46-year-old man with slowly progressive weak- 
ness and atrophy in a right sciatic distribution. A biopsy 
specimen was obtained from the fusiform enlargement of 
the sciatic nerve at the level of the lesser trochanter. The 
tissue exhibited reduplicated perineurial leaflets, many 
Renaut bodies, and a unimodal spectrum of small- 
diameter fibers. The authors” postulated that the neurop- 
athy may have been caused by prolonged sitting and a 
prominent lesser trochanter. Perhaps these cases are sim- 
ilar, but clinical detail is lacking in the first case. In the 
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second case, the pathologic features were different from 
those found in two of our patients. 

After surgical exploration proved uninformative in our 
first five patients, we decided not to recommend surgical 
exploration in the sixth patient. Follow-up has shown no 
deterioration of neurologic function so far. She shares the 
clinical profile of the other five patients: a painless axonal 
mononeuropathy ina lower limb unaccompanied by either 
a demonstrable mass, conduction block, or focal conduc- 
tion slowing. The management of similar patients will de- 
pend on the clinical circumstances of each case. We suggest 
that a progressive leg mononeuropathy ina child or young 
adult may be idiopathic and is important to recognize be- 
cause of the need to limit invasive procedures. 


The authors thank Jack Raisanen, MD, and John McCulloch, MS, for 
their assistance with the pathologic evaluation of the nerve. 
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Long-term Antiepileptic Efficacy of Vigabatrin in 
Drug-Refractory Epilepsy in Mentally Retarded Patients 


A 5-Year Follow-up Study 
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Esa Mervaala, MD, PhD; Ritva Seppänen, MS; Tuija Ruutiainen, MD; Paavo J. Riekkinen, MD, PhD 


e The long-term clinical, neurophysiologic, and psycholog- 
ical effects of add-on vigabatrin treatment were evaluated 
in a group of 36 mentally handicapped patients with drug- 
refractory epilepsy. After an initial 3-month follow-up pe- 
riod, 15 (42%) of 36 patients had at least a 50% decrease 
in seizure frequency compared with baseline. After a 2-year 
follow-up period, nine (25%) of 36 patients retained the 
initially observed antiepileptic effects of vigabatrin, and af- 
ter 5 years, eight (22%) of 36 patients did so. Five (33%) of 
the 15 patients who initially exhibited a favorable antiepi- 
leptic response to vigabatrin lost that response during a 
5-year follow-up. Partial-onset seizures represented the 
seizure type best controlled by vigabatrin. Side effects were 
mostly mild, and plasma levels of other antiepileptic med- 
ication remained unchanged. No impairment of psycholog- 
ical performance was observed during vigabatrin treatment 
compared with baseline. Also, no clear change was ob- 
served in the background or epileptiform activity in the 
electroencephalogram during the study. Our findings sug- 
gest that vigabatrin as an add-on therapeutic effectively 
controls seizures in a subpopulation of patients with severe 
epilepsy. In addition, the antiepileptic response, if achieved, 
is long lasting in about half of the patients. 
(Arch Neurol. 1993;50:24-29) 


A" increase in the level of -y-aminobutyric acid, the main 

inhibitory neurotransmitter in the brain, has been 
shown to control effectively seizures that occur in human 
epilepsy and in experimental models of epilepsy.'* The el- 
evation of neuronal y-aminobutyric acid levels in the hu- 
man brain can be induced by administration of vigabatrin 
(y-vinyl y-aminobutyric acid, 4-amino-5-hexenoic acid), a 
novel antiepileptic drug that inhibits the metabolism of 
y-aminobutyric acid by blocking its metabolism.’ 
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Previous studies that focused on the antiepileptic effica- 
cy of vigabatrin showed that approximately 40% to 60% of 
patients with drug-refractory epilepsy had more than a 
50% reduction in seizure frequency during vigabatrin 
treatment.*'® Vigabatrin was also found to be especially 
effective in complex partial seizures. In addition, side ef- 
fects associated with vigabatrin treatment were mild. Un- 
fortunately, relatively few studies have investigated the 
effects of long-term administration of vigabatrin on epi- 
lepsy.''"* It would, therefore, be important to gain more 
information about the duration of the antiepileptic effica- 
cy of vigabatrin, as well as about its safety during 
long-term use. 

In the present study, vigabatrin therapy was initially 
implemented in 36 mentally handicapped patients with 
drug-refractory epilepsy. Herein we report the results of 
the clinical, neurophysiologic, and psychological exami- 
nations of these patients during a 5-year follow-up. 


PATIENTS AND METHODS 
Patients and Administration of Vigabatrin 


The clinical summary of the patient population and the num- 
ber of patients with different types of seizures are shown in Ta- 
ble 1. Of the 36 patients who participated in the study, 25 (69%) 
were severely mentally handicapped (IQ, =50), nine (25%) were 
mildly mentally handicapped (IQ, 51 to 70), one (3%) was 
borderline (IQ, 71 to 90), and one (3%) had normal intelligence. 
At baseline, each patient had at least four seizures per month 
(mean+SD, 20.9+18.4). Throughout the study, the patients were 
concurrently treated with different combinations of carbamaz- 
epine, clonazepam, phenytoin, valproate sodium, phenobarbital, 
or primidone (Table 1). The plasma levels of these antiepileptic 
medications were maintained at a therapeutic range throughout 
vigabatrin treatment. 

A detailed description of the study design can be found in our 
preliminary report about the short-term antiepileptic effects of 
vigabatrin in this patient population.” Briefly, in this open study, 
vigabatrin was added to an existing antiepileptic medication that 
was kept constant during vigabatrin treatment. Informed consent 
was obtained from the patient or the legal guardian of the patient 
before the patient was included in the study. 

The study protocol consisted of three phases: a 3-month base- 
line phase during which the baseline seizure frequency was de- 
termined; a 3-month dose-modification phase, during which the 
optimal therapeutic dosage of vigabatrin was determined; and a 
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Unclassified 8 


Seizure types, No. 

Partial onset of seizures 30 
CPS 2 
CPS with SG 2 
Both CPS and CPS with SG 26 

Primary generalized TC 6 


Findings in EEG at baseline, No. 


Normal/abnormal 1/35 
Irritative activity (yes/no) 31/5 
Increase in slow-wave activity (yes/no) 34/2 
Findings on CT, No. normal/abnormal 7/29 


No. of other antiepileptic drugs, No. of patients 





IQ (mean+SD) 


tonic-clonic seizure. 


Table 1.—Clinical Data of Patients Included in the Vigabatrin Study* 
All Patients 





Sex, No. M/F 23/13 
Age, y (mean+SD) 28.8+8.3 
Age at onset of seizures, y 4.6+5.6 
Inpatient/outpatient, No. 18/18 
Cause of seizures,t No. 
Prenatal 14 
Perinatal 11 
Postnatal 3 





Responders Nonresponders 











7/8 16/5 
28.1+9.0 29.3+8.0 
5.38.1 4.1+3.0 
4/11 14/7 

5 9 

5 6 

2 1 

3 5 












13 17 

2 0 

0 2 

11 15 

2 4 
1/14 0/21 
12/3 19/2 
13/2 21/10 
2/13 5/16 











*CPS indicates complex partial seizure; SG, secondary generalization; CT, computed tomography of head; EEG, electroencephalogram; and TC, 


tPrenatal causes: tuberous sclerosis (two patients), Sturge-Weber syndrome (one), hydrocephalus (one), porencephaly (two), corpus callosum dys- 
genesia (one), toxemia (one), multifactorial (three); perinatal causes: anoxia (six), birth trauma (two), prematurity (one); postnatal causes: enceph- 


alitis, (two) meningitis (one). 














Responders, % 








3 mo ly 2y 5y 
Follow-up Time 


Persistence of the antiepileptic efficacy of vigabatrin in the responder 
group at different follow-up points. Bars represent the percentage of re- 
sponders in the whole group of 36 patients initially included in the vi- 
gabatrin study. 


long-term therapy phase, during which the vigabatrin dose was 
kept constant except for minor modifications and during which 
the long-term antiepileptic effects of vigabatrin were determined. 
To be examined for this portion of the study, the original 36 pa- 
tients were categorized into two groups (responders and nonre- 
sponders) on the basis of whether the seizure frequency (seizures 
per month) changed during the dose-modification phase of this 
study. Patients who showed a more than 50% reduction in seizure 
frequency (ie, responders) were studied on a long-term basis. Pa- 
tients who showed a less than 50% reduction in seizure frequen- 
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cy (ie, nonresponders) were excluded from this portion of the 
study. We did follow up the long-term effects of vigabatrin in a 
subgroup of nonresponders (ie, those with global improvement). 
This was done for the following reasons: first, parents and nurs- 
ing personnel reported that the nursing of these patients had been 
easier during vigabatrin treatment, and second, some antiepilep- 
tic efficacy was seen in this group of patients with severe epilep- 
sy. The long-term follow-up of the global improvement group 
was also expected to give information as to whether the antiepi- 
leptic efficacy of vigabatrin would in some cases appear later. 
Also, we wanted to see if we could objectively demonstrate any 
psychological improvement in this patient group. 

Vigabatrin was administered in tablets containing 0.5 g of vi- 
gabatrin per tablet (Merrell-Dow, Strasbourg, France). The mean 
dose of vigabatrin at the end of the dose-modification phase was 
2.5+0.5 g/d (45.5+12.6 mg/kg per day) in responders and 
2.60.7 g/d (42.5+10.8 mg/kg per day) in nonresponders. After 
each visit, compliance was checked by counting the number of 
tablets left. Clinical and laboratory tests, including the serum 
concentrations of other antiepileptic drugs, were done at least 
every 3 months during the first 2 years of vigabatrin treatment 
and every 6 months thereafter. 


Electroencephalography 


Electroencephalograms (eight-, 16-, or 21-channel) that includ- 
ed photic stimulation and hyperventilation were evaluated before 
initiation of vigabatrin therapy; 7, 12, and 24 months after the be- 
ginning of vigabatrin treatment; and when a patient was exclud- 
ed from the study. In addition to epileptiform activity, changes in 
the dominant occipital rhythm and the amounts of alpha, theta, 
and delta activities were assessed. The neurophysiologist (E.M.) 
who analyzed electroencephalograms was not aware of the clin- 
ical response of patients. 
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Table 2.—Efficacy of Vigabatrin Treatment in Different Types of Seizures During the 5-Year Follow-up* 


Seizures/mo by Follow-up Time 
Se re ee at OL eo re ee i, 





Seizure Type Baseline ly 2y 
All seizures 
All patients 20.9+18.4 (36) Th. 121..2:(35) 4a cis rae 
Responders 20.9+17.6 (15) 8.7+11.3 (15)t 5.8+7.4 (15)4 7.9+8.2 (14)t 6.7+9.7 (10)§ 
Nonresponders 20.9+19.4 (21) 19.9+25.6 (20) i ee Ae 
Seizures with partial 
onset 
All patients 16.0+14.7 (33) 11.8+15.3 (32) Y7 aks nd 
Responders 18.5+17.0 (14) 8.8+11.8 (14)t 6.1+7.6 (14)t 7.7+8.6 (13)t 7.0+10.2 (9) 
Nonresponders 14.2+13.0 (19) 14.2+17.6 (18) ee er fea 
Primary generalized 
seizures 
All patients 37.2+21.6 (6) 21.0+22.0 (6) TR 5h ste 
Responders 27.3+29.7 (2) 4.0+2.8 (2) 0.8+0.7 (2) 4.9+4.5 (2) 1.8+0.8 (2) 
Nonresponders 42.1+18.7 (4) 29.5+22.7 (4) 


*The number of patients in each group is shown in parentheses. Statistical significance of differences in seizure frequency between baseline period 
and treatment period for the same patient by paired Student's t test are shown below. 


+P<.01. 
+P<.001. 
§P<.05. 


Table 3.—Side Effects Reported in the Whole Patient 
Group During Vigabatrin Treatment 


Time of 
No. (%) of Appearance, 
Cases mo 


18 (50) 
10 (28) 













Side Effect 








None 


Drowsiness 


Aggressiveness 5 (14) <3 
Loss of balance 4 (11) <3 
Depression 2 (6) <3 
Psychomotor slowing 2 (6) <3 
Nausea, vomiting 1 (3) >3 
Hallucinations 1 (3) >3 
Hypotension 1 (3) 





1 (3)* 


*Viral infection as a reason for hematologic changes could not be ful- 
ly excluded. 


Hematologic changes 


Psychological Tests 


A battery of psychological tests was given by a psychologist at 
baseline and 1, 2, and 4 years (data not shown) after vigabatrin 
treatment. The tests were also implemented in cases where 
vigabatrin had to be discontinued. The IQ (mostly verbal), devel- 
opmental age, psychomotor speed, and concentration abilities 
were determined on the basis of the following tests: the Good- 
enough Draw-a-Person test, the intelligence scale (Wechsler 
Intelligence Scale for Children—Revised or Wechsler Adult 
Intelligence Scale, usually only the verbal scale), the Organon 
cross-out concentration test, the finger-tapping test, and the pro- 
tocol for evaluation of activities of daily living. Thirteen patients 
(36%) (seven responders and six nonresponders) were able to 
perform the Wechsler Intelligence Scale for Children—Revised / 
Wechsler Adult Intelligence Scale, 11 patients (31%) (three 
responders and eight nonresponders) could perform one or more 
of the other tests (but not Wechsler Intelligence Scale for 
Children—Revised/Wechsler Adult Intelligence Scale), and 12 
patients (33%) (five responders and seven nonresponders) could 
not perform any of the tests. In the latter cases, only the activities 
of daily living form was completed. 
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Table 4.—Reasons for Exclusions From Vigabatrin 
Study in the Responder Group 


Patient Follow-up, y Exclusion Criteria 


Psychotic depression 


Psychomotor slowing 


Loss of response 


Loss of response 





Loss of response 


Statistics 

Data were analyzed at the Kuopio (Finland) University Com- 
puter Center by means of the SPSS statistical package. The seizure 
frequency was calculated as the total number of seizures observed 
during the preceding 3 months, divided by three. The difference 
between seizure frequency observed during the baseline period 
and that observed during the treatment period for the same pa- 
tient was analyzed by paired Student's t test or by Wilcoxon test. 
Statistical significance of differences between groups was evalu- 
ated by Student's t test for unpaired samples or by Mann-Whitney 
U test. 


RESULTS 
Antiepileptic Efficacy of Vigabatrin 


Thirty-five of the 36 patients completed the dose- 
modification phase: 15 patients (42%) were responders and 
21 patients (58%) were nonresponders. In the responder 
group, 12 patients (33% of the original total patient popu- 
lation) after 1 year of vigabatrin treatment, nine patients 
(25%) after 2 years, and eight patients (22%) after 5 years still 
had a monthly seizure frequency less than 50% of that at 
baseline (Figure). In addition, in the global improvement 
group, five of 13 patients after 1 year, four of nine patients 
after 2 years, and two of four patients after 5 years had a 
seizure frequency that was less than 50% of that recorded 
at baseline. None of the patients became seizure free. In two 
nonresponders, seizures began to appear in clusters during 
vigabatrin treatment. The effect of vigabatrin on different 
kinds of seizures is presented in Table 2. Seizures of partial 
onset were especially well controlled by vigabatrin. 
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Table 5.—Effect of Vigabatrin on Electroencephalogram (EEG)* 





Slow-wave activity in EEG during 
vigabatrin treatment vs baseline 
No change 
Increase 
Decrease 


18/31 (58) 
5/31 (16) 
8/31 (26) 


Epileptiform activity in EEG during 
vigabatrin treatment vs baseline 
No change 
Increase 
Decrease 


20/31 (65) 
5/31 (16) 
6/31 (19) 





No. (%) by Follow-up Time 


11/26 (42) 
7/26 (27) 
8/26 (31) 


9/23 (39) 
4/23 (17) 
10/23 (44) 


12/26 (46) 
6/26 (23) 
8/26 (31) 


8/23 (35) 
3/23 (13) 
12/23 (53) 


*The EEG activity was measured in all patients who underwent long-term vigabatrin therapy, ie, both responders and patients with global improve- 
ment at the follow-up points indicated above. Findings in the two patient groups did not differ from each other, and the results shown above rep- 


resent combined data from both groups. 





Baseline 








IQ (WISC-R/WAIS) 
All 61.7+15.4 (14) 
Responders 63.6+20.3 (8) 
Global improvements 59.2+ 4.6 (6) 
Psychomotor speed 
DAP drawing time 
All 314+261 (17) 
Responders 321+236 (8) 
Global improvements 309+ 292 (10) 
Tapping, right hand 
All 24.3+11.5 (19) 
Responders 24.3+13.8 (8) 
Global improvements 24.9+10.1 (11) 


numbers of patients are shown in parentheses. 
tP<.01 vs performance of same patients at baseline. 


Table 6.—Psychological Performance of Patients at Baseline and During Vigabatrin Treatment* 


fa aay n IIO TTE Tel gee a Pe ee eee ae ee 






*WISC-R indicates Wechsler Intelligence Scale for Children—Revised; WAIS, Wechsler Adult Intelligence Scale; and DAP, Draw-a-Person. The 





Follow-up Time 







ly 















64.1+24.6 (8) 65.5+22.1 (6)t¢ 
298 +238 (8) 220+155 (4) 
24.4+11.8 (10) 23.3+14.1 (9) 






+P<.05 vs performance of same patients at 1-year follow-up (Wilcoxon’s test for paired samples). 


Side Effects 


Side effects observed during vigabatrin treatment are 
listed in Table 3. Half of the patients did not have any side 
effects. The most common side effect was drowsiness, 
which typically appeared during the initial few weeks of 
vigabatrin treatment. Drowsiness was never a reason for 
exclusion from the study. During the third month of 
vigabatrin treatment, one nonresponder had an increase in 
sedimentation rate and anemia. We were unable, howev- 
er, to exclude viral infection as a causative factor for these 
hematologic abnormalities. Psychic side effects (aggres- 
siveness, depression, hallucinations) were seen in seven 
patients, two of whom had expressed similar reactions be- 
fore vigabatrin treatment. The onset of psychic side effects 
often appeared after a long period of vigabatrin treatment 
(ie, during the second year). The reasons for exclusions 
from the vigabatrin study in the responder group are giv- 
en in Table 4. In three cases (one responder and two 
patients with global improvement), vigabatrin was 
stopped because of psychosis. All side effects were revers- 
ible when vigabatrin treatment was stopped. 


Laboratory Tests 


The daily dose of vigabatrin did not differ between the 
responders and nonresponders. The plasma concentra- 
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tions of other antiepileptic medication remained un- 
changed during vigabatrin treatment. The laboratory mea- 
sures analyzed from blood and urine also stayed in the 
normal range during vigabatrin treatment. We did observe 
that the body weight of patients increased an average of 5% 
(P<.01). 


Effect of Vigabatrin on Electroencephalograms 


The electroencephalograms, compared with baseline re- 
cordings, tended to show decreased epileptiform activity 
as well as decreased slow-wave activity at the 2-year 
follow-up (Table 5). 


Psychological Findings During Vigabatrin Treatment 


The results of psychological tests in the responder group 
are presented in Table 6. The general IQ of the entire pa- 
tient group (including both responders and patients with 
global improvement, data not shown) improved signifi- 
cantly at the 2-year follow-up evaluation compared with 
the 1-year evaluation point (P<.05) and with baseline 
evaluation (P<.01). The most improvement was seen in the 
“similarities” subtest. Patients in the global improvement 
group did better in two tests evaluating psychomotor 
speed during vigabatrin treatment. Drawing time in the 
Draw-a-Person Test was faster at the 2-year follow-up 
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point (3004232 seconds, n=5) than at baseline (3304325 
seconds, n=8) (P<.05). Also, the performance on the right- 
handed finger-tapping test was better in the global im- 
provement group at the 2-year follow-up point (29.8+11.5, 
n=5) than at baseline (26.0+10.0, n=8) (P<.05). However, 
no change in psychomotor speed was seen if statistics were 
extended to the whole group of patients (responders and 
patients with global improvement) or to responders only. 
In the evaluation of activities of daily living skills after 2 
years of vigabatrin treatment, responders, but not patients 
with global improvement, were improved in the ability to 
take care of personal hygiene independently compared 
with baseline (P<.05). After a 4-year follow-up, no signif- 
icant differences were found in any of the tests between 
patients who were still receiving vigabatrin treatment and 
patients who had discontinued vigabatrin treatment (data 
not shown). 


COMMENT 


Results obtained in the present study show that 33% of 
the mentally retarded patients with severe drug-refractory 
epilepsy after a 1-year follow-up, 25% after a 2-year 
follow-up, and 22% after a 5-year follow-up had at least a 
50% decrease in seizure frequency when vigabatrin was 
added to their previous regimen of antiepileptic medica- 
tion. In addition, we saw a slight improvement in the elec- 
troencephalogram during the course of vigabatrin treat- 
ment. The side effects were mostly mild. No impairment 
of performance on psychological tests was observed. 

The percentage of responders in the present study was 
clearly lower than those documented in previous studies, 
in which 40% to 60% of study populations have shown 
more than a 50% decrease in seizure frequency during vi- 
gabatrin treatment.**'*'°"” The differences in results be- 
tween our study and the previous studies may be ex- 
plained by a shorter follow-up and by less severe epilepsy 
in patients included in earlier studies. Our results are, on 
the other hand, in agreement with the follow-up study of 
Tassinari et al,'* who had a subgroup of patients who were 
treated with a similar dose of vigabatrin as in our patient 
group and whose severity of mental retardation and epi- 
lepsy were comparable with the level of abnormality in our 
patient population. We also found that, at the 5-year 
follow-up point, eight of 15 responders still responded fa- 
vorably to vigabatrin. However, in five patients (two 
responders were excluded from the study because of side 
effects; see Table 4) the antiepileptic efficacy of vigabatrin 
was lost. These results suggest that some patients may de- 
velop tolerance to vigabatrin during long-term use. Inter- 
estingly, we noticed a more than 50% decrease in seizure 
frequency after the initial 3-month vigabatrin treatment in 
some patients with global improvement. 

The difference in the response to vigabatrin treatment 
observed between responders and nonresponders could 
not be explained by the clinical characteristics of patient 
groups. At baseline, no differences between responders 
and nonresponders were found in seizure frequency, in 
electroencephalograms, in computed tomographic scans 
of the head, or in psychological performance. The daily 
doses of vigabatrin were similar in responders and nonre- 
sponders. The plasma level of vigabatrin was not analyzed 
during this study because previous studies have shown 
that there is no correlation between plasma vigabatrin 
level and the therapeutic dose of vigabatrin.”'* Further- 
more, we have previously demonstrated that vigabatrin 
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concentrations in cerebrospinal fluid did not differ in 
patients with favorable or poor antiepileptic response to 
vigabatrin.”” 

Laboratory variables analyzed in this study remained in 
the normal range during vigabatrin treatment. We did not 
observe any changes in the concentrations of other anti- 
epileptic drugs, which is in agreement with the findings of 
Loiseau et al? and Cocito et al. Some studies have, how- 
ever, reported a decrease in plasma phenytoin levels dur- 
ing vigabatrin treatment.®”" 

On the electroencephalograms, no significant changes 
were observed in the amount of epileptiform or back- 
ground activity during the 7- and 12-month follow-up pe- 
riods. These findings agree with previous studies that have 
examined the effect of vigabatrin on the electroencephalo- 
eram.°”°2! The electroencephalogram recorded at the 24- 
month follow-up, however, revealed decreased epilepti- 
form interictal activity as well as a decrease in slow-wave 
activity in about 50% of the cases analyzed. The amount of 
interictal epileptiform activity as a measure of antiepilep- 
tic drug effect is, however, of limited value because of its 
time-to-time variation.” > 

The major finding obtained from the psychological 
evaluation of patients was that, unlike with many conven- 
tional antiepileptic drugs, vigabatrin treatment did not 
cause any impairment in the psychological performance of 
our patient group. In fact, a slight improvement in IQ was 
seen in the responder group after a 2-year vigabatrin 
treatment. The possible role of learning in this finding 
could not, however, be excluded. The subjectively ob- 
served improvement in the psychological status of patients 
in the global improvement group that followed the initia- 
tion of vigabatrin treatment could not be clearly verified in 
the psychological examination of these patients in this 
study. 


CONCLUSION 


Vigabatrin added to an existing antiepileptic therapy ef- 
fectively controlled seizures in 22% of the patients with 
mental retardation and severe epilepsy during a 5-year 
follow-up. Patients with complex partial seizures with 
secondary generalization benefited the most from the vi- 
gabatrin treatment. If a therapeutically favorable antiepi- 
leptic response to vigabatrin was initially achieved, this 
response lasted for the whole follow-up period of 5 years 
in about half of these cases. Finally, vigabatrin is well tol- 
erated, its antiepileptic effect is usually observed during 
the first month of treatment, and its side effects are mild 
and reversible if vigabatrin treatment is interrupted. Our 
study confirms and extends earlier findings regarding the 
efficacy of vigabatrin in severe forms of epilepsy. 
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Lymphocytic Infiltrates in the Spinal Cord in 
Amyotrophic Lateral Sclerosis 


Jozsef I. Engelhardt, MD; Janos Tajti, MD; Stanley H. Appel, MD 


e Objective-—Immunohistochemical examination was un- 
dertaken to assess the presence of lymphocytes and lym- 
phocyte subsets in the spinal cord in amyotrophic lateral 
sclerosis (ALS). 

Design.—Twenty-seven consecutive ALS autopsy cases 
and 11 consecutive disease—control autopsy cases were 
examined. Tissue sections were reacted with mouse mono- 
clonal antibody to human leukocyte common antigen, or 
monoclonal antibody to human B-cell L26 antigen, and de- 
tected with immunoperoxidase techniques. Unfixed sec- 
tions were reacted with antihuman Leu-3a and Leu-3b/CD4 
or antihuman Leu-2a/CD8 mouse monoclonal antibody and 
then detected with peroxidase techniques. 

Setting.—Tertiary care hospital. 

Cases.—Amyotrophic lateral sclerosis and non-ALS con- 
trol autopsy specimens. 

Main Outcome Measure.—Detection of lymphocytes by 
histological and immunohistochemical reactivity. 

Results.—Perivascular and intraparenchymal lympho- 


7 gt bade a lateral sclerosis (ALS) is a devastating hu- 

man illness characterized by degeneration of upper 
and lower motoneurons with consequent atrophy of vol- 
untary muscles, culminating in respiratory failure and 
death. The cause of the disease is unknown. Recent clini- 
cal,! pathological? and experimental** data have raised the 
possibility that autoimmunity is a key factor in the patho- 
genesis of the disease. However, the presence of inflam- 
matory cells in the central nervous system (CNS) tissue of 
patients with ALS has only rarely been described," and this 
putative lack of data has always been a strong argument 
against conventional autoimmunity in disease pathogene- 
sis.°” Recent preliminary studies by Troost et al,” Lampson 
et al? McGeer et al,'° and more extensive evaluations by 
Troost et al"! and Kawamata et al’’using monoclonal anti- 
bodies directed to lymphocyte antigens have suggested 
that inflammatory cell infiltration in the CNS tissue of pa- 
tients with ALS may be more common than previously 
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cytic infiltrates were found in the spinal cord of 18 of 27 
consecutive ALS autopsy cases. The lymphocytes possessed 
only T-cell markers; no B-cell markers could be demon- 
strated. T-helper cells were found in proximity to degener- 
ating corticospinal tracts, while T-helper and T-suppressor/ 
cytotoxic cells were demonstrated in ventral horns. 
Lymphocytes were present in the spinal cord of only one 
control specimen (multiple sclerosis) and in none of the re- 
maining 10 control specimens. In ALS tissue, the lympho- 
cytic infiltrates did not correlate with the rate of progression 
or stage of the disease or with the presence or absence of 
terminal infections. 

Conclusions.—T-cell lymphocytes are present in the spi- 
nal cord of patients with ALS. T-helper cells are found in 
proximity to corticospinal tract degeneration, while 
T-helper and T-suppressor/cytotoxic cells are present in 
ventral horns. The role of these lymphocytes remains to be 
elucidated. 

(Arch Neurol. 1993;50:30-36) 


suspected. Lampson et al? demonstrated phagocytes and 
small numbers of T cells in degenerating white matter of 
four ALS spinal cords. Studies from our laboratory also 
demonstrated the presence of lymphocytes in the spinal 
cords of two thirds of our 15 ALS autopsy cases using con- 
ventional histological techniques.'* In this study, 27 cases 
were examined. Monoclonal antibodies have confirmed 
the presence of lymphocytes in ALS spinal cords and have 
documented the presence of T-helper cells and 
T-suppressor/cytotoxic cells in ALS ventral horns. 


METHODS 


Twenty-seven consecutive ALS autopsy cases were examined. 
All patients had been followed up in our ALS clinic with 
bimonthly evaluations. The diagnosis was established by the 
typical clinical appearance of extremity and bulbar weakness and 
upper and lower motor neuron compromise. The diagnosis was 
confirmed by electromyography, muscle biopsy specimens, ra- 
diological examinations, and laboratory tests that excluded other 
diseases resembling the clinical syndrome of ALS. The diagnosis 
was also corroborated by the autopsy findings of loss of motor 
neurons and corticospinal tract degeneration. Eleven disease- 
control autopsy cases, with and without nervous system disease, 


were also examined. The relevant clinical data are summarized in } 


Table 1. To examine and characterize the lymphocytic infiltration, 
lumbar spinal cord segments were used. 
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Table 1.—Clinical Data of Patients 


Duration of 
Disease, mo 


Case No., 


Age, y/Sex Diagnosis 


Terminal 
Infection 





With amytrophic 
lateral sclerosis (ALS) 


1/62/M 27 No Bulbar onset, IgG monoclonal 
gammopathy, therapy with 
plasmapheresis, cyclophosphamide, 
prednisone 

2/49/M 24 Pneumonia Rapid progression in last 4 mo, therapy 
with total plasmapheresis, 
cyclophosphamide, prednisone 

3/70/M 38 No Carcinoid tumor in small intestine 

4/68/M 25 No Carcinoid tumor in small intestine, 
hepatocellular carcinoma 

5/67/F 48 Pneumonia 

6/54/F 21 No Bulbar onset 

7/51/F 58 No Suicide 

8/56/M 40 Pneumonia On ventilator 33 mo 

9/65/M 59 Pneumonia Cyclosporin therapy for 4 y 

10/70/F 51 No Bulbar onset 
11/67/F 18 No Pulmonary emboli 
12/68/F 45 No Bulbar onset 
13/55/F 12 No Brother with ALS 
14/69/M 27 No Brother with ALS, mother with 
Parkinson’s disease 
15/62/F 74 No Therapy with cyclosporine, 
cyclophosphamide 
16/50/M 44 No Therapy with cyclosporine 
17/68/F 36 No Bulbar onset, mother with Parkinson’s 
disease 
18/78/F 28 No Neurofibrillary tangles, no senile 
plaques, no dementia 
19/59/F 36 No Hypothyroidism 
20/70/F 51 No Bulbar onset, radium implantation at age 
40 y to stop menses 
21/77/F 33 Pneumonia Bulbar onset 
22/28/M 22 No Rapid course, removed from ventilator 
23/62/F 23 Pneumonia Bulbar onset, hypothyroidism, 
pulmonary emboli 
24/38/F 65 No Slow course 
25/70/M 6 Pneumonia Thyroid disease, rapid course 
26/67/F 5 Pneumonia Bulbar onset 
27/43/M 84 No Therapy with cyclosporin 
Controls 
1/57/M Generalized arteriosclerosis 
2/65/M Generalized arteriosclerosis 
3/64/F Generalized 
arteriosclerosis, cerebral 
infarct 
4/57/F Generalized 
arteriosclerosis, spinal 
cord infarct 
5/60/M Parkinson’s disease 
6/58/M Alzheimer’s disease 
7/66/F Autoimmune hemolytic 
anemia 
8/55/M Prostatic cancer 
9/52/F Multiple sclerosis 
0/68/M Myocardial infarct, septic 
pneumonia 
11/74/F Myocardial infarct, septic 
pneumonia 


Histological Processing 


Tissue samples were collected 2 to 12 hours after death. For 
routine histology and for demonstrations of leukocyte common 
antigen (LCA) and B-cell L26 antigen, tissue blocks were fixed by 
immersion in aldehyde-containing’® fixative at 4°C for 3 days. 
After a further 48 hours in sucrose solution (30% weight per vol- 
ume of sucrose, 1% dimethyl sulfoxide in phosphate-buffered sa- 
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line; pH 7.4), the tissues were frozen in 2-methyl-butane cooled 
by liquid nitrogen. Sixteen-micrometer sections were dried onto 
glass slides pretreated with saline (Statpath, Riderwood, Md) and 
processed for immunohistochemistry or other staining 
(hematoxylin-eosin, cresyl fast violet, oil red O, Luxol fast blue’). 
For demonstration of surface antigens characteristic of CD4 
(helper) and CD8 (suppressor) T cells, unfixed blocks of tissue 
were immersed in sucrose solution for 48 hours, quick frozen, and 
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sectioned. After drying onto glass slides, every other section of the 
unfixed tissues was immersed in acetone for 15 minutes at 4°C. 
Finally, other tissue blocks were fixed in aldehyde fixative, as 
mentioned earlier, embedded in paraffin, and sectioned at 5 um. 
Paraffin sections were applied to the same histological and 
immunohistological demonstrations as the frozen fixed sections. 


Immunohistochemical Procedures 


Detection of Human LCA and Human B-Cell L26 Antigen.— 
All sections used for immunostaining with peroxidase-labeled 
antibody were pretreated with 3% hydrogen peroxide in 
phosphate-buffered saline (PBS) for 10 minutes to eliminate en- 
dogenous peroxidase activity. Five-micrometer sections from 
blocks embedded in paraffin were preincubated with 3% normal 
goat serum (Cappel Research Products, Organon Teknika Corp, 
Durham, NC) in PBS to saturate nonspecific protein-binding sites. 
The sections were then incubated in a humid chamber at 4°C 
overnight in PBS containing 1% normal goat serum with a 1:50 or 
1:100 dilution of mouse monoclonal antibody to human LCA 
(Dako Corp, Carpinteria, Calif). This antigen is expressed on all 
leukocytes, including T and B lymphocytes, macrophages, and 
granulocytes.” Alternatively, sections were incubated with a 
monoclonal mouse antibody to human B-cell L26 antigen (Dako 
Corp), which reacts with a major 33-kd and a minor 30-kd 
polypeptide present only on B cells.'* After thorough washing, the 
sections were incubated for 90 minutes at room temperature with 
a 1:20 dilution of antimouse IgG, which was an affinity-isolated 
antigen-specific antibody developed in goat serum and absorbed 
with human serum proteins (Sigma Chemical Co, St Louis, Mo). 
Sections were washed and incubated again at room temperature 
for 2 hours with a 1:100 dilution (in PBS containing 1% normal 
goat serum) of a peroxidase-antiperoxidase soluble complex an- 
tibody” developed in mouse, clone 6/38 (Sigma Chemical Co). To 
visualize the bound peroxidase molecules, the sections were ex- 
posed to 0.025% diaminobenzidine (Sigma Chemical Co), 0.016% 
hydrogen peroxide (Fisher Scientific, Pittsburgh, Pa), and 0.03% 
cobalt chloride in PBS for 5 minutes. Sections were then dehy- 
drated in a series of ethanol, cleared in xylene, mounted with a 
resin-based medium (Permount, Fisher Scientific), and covered 
with a coverslip for light microscopy. 

Other sections from the same blocks after incubation with the 
monoclonal antibodies were incubated at room temperature for 
3 hours with a 1:50 or a 1:100 dilution of fluorescein isothiocyan- 
ate (FITC)-labeled IgG fraction of goat antimouse IgG (Cappel 
Research Products) in PBS containing 1% normal goat serum, 
washed, mounted with 50% glycerol, and coverslipped for fluo- 
rescence microscopy. 

Detection of CD4 and CD8 Antigens.—Unfixed sections, or 
sections fixed in acetone after elimination of the endogenous per- 
oxidase activity, were preincubated with 3% normal horse serum 
(Vector Laboratory, Burlingame, Calif) in PBS and were incubat- 
ed with antihuman Leu-3a+Leu-3b/CD4 (Becton Dickinson Im- 
munocytometry Systems, Mountain View, Calif) or antihuman 
Leu-2a/CD8 (Becton Dickinson Immunocytometry Systems)” 
monoclonal mouse antibody overnight at 4°C in a humid cham- 
ber. After several washes, the adherent antibodies were labeled 
with biotin-conjugated antimouse IgG, avidin-peroxidase system 
(Vectastain Elite DK 6102 Mouse IgG ABC kit, Vector Laborato- 
ry) according to the manufacturer's instructions. The visualiza- 
tion of the bound peroxidase molecules was carried out as indi- 
cated above. 

Some sections, after pretreatment with 3% normal goat serum, 
were incubated overnight with a 1:100 dilution (in 1% normal goat 
serum containing PBS) of mouse monoclonal antibody, washed, 
and incubated again with a 1:100 dilution of FITC-labeled 
antimouse IgG for 3 hours at room temperature, then washed, 
mounted, and examined in the fluorescence microscope. 

As a positive control for the method itself, sections of human 
tonsil tissue were processed in the same way as the spinal cord 
sections. As a negative method control, the primary antibody 
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ee 
Fig 1.—Mononuclear inflammatory cells around small vessels in the re- 
gion of the degenerating corticospinal tract (left) and around larger ves- 
sels in the white matter in the vicinity of the ventral corticospinal tract 
(right) (cresyl fast violet, left: x 360, right: X 120). 


(antilymphocyte mouse monoclonal antibody) was omitted or 
replaced with normal mouse serum during the procedure. 


RESULTS 
Routine Histological Staining Methods 


Careful examination of hematoxylin-eosin— and cresyl 
fast violet-stained sections of the lumbar segments of the 
spinal cord revealed lymphocytic infiltrates in two thirds 
of all ALS autopsy cases. Lymphocytes could be readily 
recognized by their dark, round nuclei and thin rim of cy- 
toplasm, appearing as thin cuffs around small vessels in 
white matter (Fig 1). To determine whether such perivas- 
cular infiltrates were present, a minimum of 60 consecutive 
sections were examined for each spinal cord. The usual lo- 
cation of these perivascular infiltrates in the white matter 
was adjacent to, or in the vicinity of, the damaged 
corticospinal tracts (Fig 1) and close to the lateral border of 
the ventral horn. These regions also contained macroph- 
ages exhibiting lipids detectable by oil red O stain. 
Perivascular cuffs of lymphocytes were also present in the 
spinal cord ventral horn (Fig 2). Lymphocytes dispersed in 
the white or gray matter, or in the meninges, were more 
difficult to recognize because of their similarity to oligo- 
dendroglia, especially in the ventral horn. However, mon- 
oclonal antibodies to lymphocytic surface antigens re- 
solved cell identification. 


Detection of LCA and Human B-Cell L26 Antigen 


Fixed frozen and paraffin-embedded tissue were equal- 
ly suitable for immunohistochemical demonstration of the 
LCA and the human B-cell L26 antigen. The density and 
distribution of lymphocytes detected by anti-LCA mono- 
clonal antibodies were similar to those observed with rou- 
tine histological techniques. The method has obvious ad- 
vantages in detecting scattered lymphocytes in the white 
matter and in the ventral horn where customary staining 
procedures do not readily distinguish between lympho- 
cytes and glial cells (Fig 3, left). The LCA antibody stains 
not only lymphocytes but also macrophages, granulocytes, 
and even microglial cells, thus necessitating a careful dif- 
ferentiation of the various cell types. For sections incubat- 
ed with peroxidase-labeled antibody, pretreatment with 
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Fig 2.—Left, Slight perivascular mononuclear infiltrate in amyotrophic 
lateral sclerosis ventral horn. Arrows indicate two motor neurons (cresyl 
fast violet stain, X 120). Right, More extensive perivascular lymphocytes 
(dark cells) infiltrate amyotrophic lateral sclerosis ventral horn depleted 
of motor neurons (cresyl fast violet, X 120). 
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Fig 3.—Left, Scattered lymphocytes in amyotrophic lateral sclerosis 
ventral horn immunostained for leukocyte common antigen (peroxidase, 
X240). Right, Microglial cells forming glial nodule in the lateral corti- 
cospinal tract immunostained for leukocyte common antigen (peroxi- 
dase, X240). 


hydrogen peroxide was necessary to abolish the endoge- 
nous peroxidase activity of red blood cells. During the 
process of sectioning or incubation, red blood cells could 
be displaced from the vessels to the parenchyma, and their 
endogenous peroxidase activity could result in pseudola- 
beling of round cells of about the same size as lympho- 
cytes. The external membrane of microglial cells also reacts 
with the antibody, but the cells are not round and their 
processes permit a ready differentiation from lymphocytes 
(Figs 3, right, and 4, left). Monocytic-phagocytic cells were 
distinguished from lymphocytes by their larger size. 
Because their lipid content is dissolved during the histo- 
logical procedure, their extended empty cytoplasm and 
relatively thin external membrane also identify them 
(Fig 4, right). While granulocytes are unexpected in 
uncomplicated ALS cases, their lobular nucleus is easily 
recognizable. 

Lymphocytes were demonstrated with immunohis- 
tochemical techniques in the spinal cords of the same 18 
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Fig 4.—Left, Lymphocytes (round shapes) and microglial cells (arrow) 
immunostained for leukocyte common antigen in amyotrophic lateral 
sclerosis ventral horn (the curved arrow indicates a motor neuron) (per- 
oxidase, X 240). Right, Lymphocytes and a macrophage (arrow) in amy- 
otrophic lateral sclerosis ventral white matter immunostained for leuko- 
cyte common antigen (peroxidase, X 240). 


ALS autopsy cases as had been demonstrated with rou- 
tine histological methods (Table 2). A few positively 
stained lymphocytes were found in the spinal cord of 
the multiple sclerosis control patient and in the lepto- 
meninges of the two control cases with sepsis. No stain- 
ing was detected in other control samples. No lympho- 
cytes were identifiable in the spinal cord tissue of any 
of the ALS cases using the antihuman B-cell L26 mono- 
clonal antibody. The same antibody clearly reacted with 
B lymphocytes in the germinal centers of human tonsil 
tissue processed in the same way as the spinal cord 
tissue. B lymphocytes were detected in the lumbar seg- 
ments of the patient with multiple sclerosis and in the 
leptomeninges of two cases with sepsis. Results with 
these two different monoclonal antibodies to lympho- 
cytic surface markers suggest that T cells, but not B 
cells, are present in the spinal cords of two thirds of 
patients with ALS. 


CD4, CD8 Cells in ALS Spinal Cord 


Monoclonal antibodies specific for T-cell subsets were 
unable to recognize the relevant cell surface antigens if the 
tissue had previously been fixed in aldehyde-containing 
solutions. Five ALS spinal cords were examined with these 
monoclonal antibodies after snap freezing of unfixed 
tissues followed by exposure of every other section to ac- 
etone. CD4 lymphocytes were detected in all five cases, 
primarily in the white matter in relation to degenerating 
corticospinal tracts and were accompanied by macro- 
phages. CD4-positive T cells were also noted around ves- 
sels (Fig 5, left) and were scattered diffusely (Fig 6). Small- 
er numbers of CD8 cells (<20% of CD4 cells) were 
identified in four of these five cases, mainly in the ventral 
horn in the vicinity of motor neurons (Figs 7 and 8). Few 
CD4 and CD68 cells were seen in the leptomeninges (Table 
2). Visualization with either peroxidase or with FITC was 
equally sensitive and specific for lymphocytes. However, 
the (green) fluorescence seen with FITC-conjugated im- 
munoreagent is difficult to demonstrate in black-and- 
white photographs due to the interference of the (yellow) 
autofluorescence of lipofuscin in the motor neurons (Figs 
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theses, definite inflammatory cells noted, found in leptomeninges; and labeled with minus sign, no inflammatory cells present. 


6, right, and 8, right). anti-Leu-2a (CD8) and anti—Leu- 
3a+anti-Leu-3b (CD4) monoclonal antibodies immuno- 
stained lymphocytes in the interfollicular zones of human 
tonsil. 


COMMENT 


In our study, lymphocytic infiltrates were documented 
in the spinal cords of two thirds of ALS autopsy cases. The 
lymphocytes were predominantly of the T-helper cell class 
(CD4) and were located in proximity to the corticospinal 
tracts. Smaller numbers of T-helper cells were found in the 
ventral horns, where an equal number of T suppressor- 
cytotoxic cells (CD8) was observed. 

No correlation was noted between the presence of lym- 
phocytic infiltrates and the clinical course of ALS. The age 
at onset of the disease, the rate of progression, and wheth- 
er immunosuppressive treatment had been used seemed to 
have no effect on the presence or the distribution of lym- 
phocytic markers. Furthermore, the role of terminal pul- 
monary infections in eight of the ALS cases did not appear 
to correlate with the presence of lymphocytic infiltrates in 
the spinal cord. Four of these eight ALS cases had no lym- 
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phocytic infiltrates, while in 14 cases without clinical or 
pathological evidence of pulmonary or other systemic in- 
fections, lymphocytes were demonstrated in the lumbar 
segments of the spinal cord. Even after long-term respira- 
tory support (>2 years) and extremely advanced motor 
neuron loss, lymphocytic infiltrates were present. The 
length of time between death and spinal cord freezing or 
fixation did not influence the lymphocytic infiltrates. 

Certain therapeutic trials targeting the immune system 
were anticipated to influence the pathological picture. 
Long-term immunosuppression can lead to activation of 
opportunistic infections in the CNS, resulting in lympho- 
cytic inflammatory reaction. Six of 12 of the patients includ- 
ed in the current study had received immunosuppressive 
treatment, but none were immunocompromised at the time 
of death. In these patients, a careful search was performed 
for opportunistic infections; however, none could be dem- 
onstrated. Nevertheless, in four of the six patients, lympho- 
cytic infiltrates were noted in the ventral horn. 

An important question to be addressed is why lympho- 
cytic infiltration has not been noted more frequently. The 
destruction of motor neurons and corticospinal tracts, the 
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Fig 5.—T lymphocytes labeled with monoclonal antibody specific for 
CD4 (helper) cells assembled around vessel in white matter (left) and 
near smaller vessels in amyotrophic lateral sclerosis (right) (left and right: 
peroxidase, X 240). 





Fig 6.—Scattered T lymphocytes in amyotrophic lateral sclerosis ventral 
horn immunostained for CD4 (helper) cells and peroxidase-conjugated 
secondary antibody (left: X240) and fluorescein isothiocyanate- 
conjugated secondary antibody (right: X 360). Arrows indicate lympho- 
cytes, motor neuron (MN): lipofuscin yields yellow fluorescence. 
(Smaller dots than the ring-shaped lymphocytes with strong fluorescence 
[yellow in color] and irregular shape scattered throughout the section are 
lipofuscin granules mainly in macrophages.) 


invasion of macrophages, and an increased number of glial 
cells are such prominent parts of the pathological picture 
that the presence of lymphocytes might be overlooked. 
Furthermore, the extent of lymphocytic infiltration is far 
less than the infiltration noted in other disorders (eg, men- 
ingitides, encephalitides, myelitides, and poliomyelitis, or 
even in other presumed autoimmune disorders such as 
multiple sclerosis), and serial sections need to be exam- 
ined. In addition, the use of lymphocyte-specific mono- 
clonal antibodies can help define the presence of lympho- 
cytes that might otherwise be misidentified as glial cells. 
Proper fixation and preservation of spinal cord tissue is 
critical for meaningful quantitative and qualitative assess- 
ment of lymphocytic infiltrates. 

The significance of the lymphocytic infiltration in ALS 
spinal cords is unclear. The absence of B cells is in accord 
with the normal IgG content of the cerebrospinal fluid and 
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Fig 7.—T lymphocytes immunostained for CD8 around microvessel (left) 
and scattered (right) in amyotrophic lateral sclerosis ventral horn. Curved 
arrow indicates a motor neuron; arrow, CD8 cell coursing through ven- 
tral white matter (WM); and VH, ventral horn (left and right: peroxidase, 
x 240). 





Fig 8.—Left, Higher magnification (x 740) of Fig 7, Left. Only the exter- 
nal membrane of CD8 lymphocytes is immunostained. Granulocyte 
recognized by its lobulated nucleus (arrow) and glial cell nucleus rec- 
ognized by its chromatin (arrowhead) are not stained (peroxidase, 
X740). Right, Single CD8 cell (arrow) in the ventral horn of amyotrophic 
lateral sclerosis spinal cord (fluorescence, X 360). 


with the lack of evidence for increased IgG synthesis in the 
CNS of patients with ALS. Nevertheless, reactive immu- 
noglobulins are present in the peripheral blood,” and our 
data suggest that antibodies specifically interacting with 
calcium channels may play a significant role in altering 
motoneuron physiology in patients with ALS.” Further- 
more, IgG are noted within the motor neurons of ALS cas- 
es and can reach the lower motoneuron cell body by ret- 
rograde transport from the periphery.**! Thus, B cells in 
the periphery may be sufficient to produce the IgG that lo- 
calizes to motor neurons, and B cells within the CNS may 
not be required. 

Troost and coworkers'' argue that the T-cell infiltrate 
may not be secondary to corticospinal tract degeneration 
because lymphocytes were present in only one of six cases 
of wallerian degeneration. Moreover, in the spinal cords of 
control cases, the infiltration consisted of both T and B cells, 
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while in ALS cases, only T cells were noted. Our studies 
have provided the additional findings that only T-helper 
cells were present in proximity to degenerating tracts, 
while T-helper and T-suppressor/cytotoxic cells were 
present in the ventral horns. Whether the T-suppressor / 
cytotoxic cells were found in proximity to motor neurons 
because the latter contain IgG? or whether motor neuron 
degenerating from any insult would attract CD8 cells is 
unclear. 

It is impossible to determine whether lymphocytic infil- 
tration is playing an active role in motoneuron cell death. 
The lack of correlation between the presence of lympho- 
cytes and the stage or progression of disease suggests that 
the lymphocytes per se are not solely responsible for mo- 
tor neuron destruction. The lack of increased major histo- 
compatibility complex expression by motor neurons 
would also argue against a direct major histocompatibility 
complex-restricted T-cell interaction with motor neu- 
rons. Nevertheless, with polymerase chain reaction tech- 
nology, Va and Vz, T-cell receptor transcripts, as well as 
transcripts for CD4, CD8, and the HLA class II antigens 
(HLA-DR, -DQ, -DP), have been amplified from the spinal 
cord and brains of patients with ALS.” Whether these CD4 
and CD8 lymphocytes are immediately related to the 
pathogenesis of ALS or are secondary phenomena remains 
to be elucidated. 
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The Results of Clinical Trials in 
Stroke Rehabilitation Research 


Kenneth J. Ottenbacher, PhD, OTR, Sylvie Jannell, MS, OTR 


e Research Problem and Methods.—There are currently 1.5 
million stroke survivors in the United States. More than half 
of these individuals have significant residual physical dis- 
ability and functional impairment. Survivors of stroke con- 
stitute the largest group of patients receiving rehabilitation 
services in this country. We examined existing clinical tri- 
als investigating the effectiveness of stroke rehabilitation 
programs to improve functional outcomes and discharge 
destination. One hundred twenty-four research reports 
were initially identified. From this sample, 36 trials meeting 
selected criteria were evaluated by the methods of 
meta-analysis. 

Results.—A total of 3717 patients participated in the 36 
clinical trials included in the meta-analysis. The results re- 
vealed a mean d-index of 0.40+0.33. This effect size index 
was converted to a U; value of 65.5, indicating that the av- 
erage patient receiving a program of focused stroke reha- 
bilitation performed better than approximately 65.5% of 


I" a recent overview, Gresham! observed that stroke has 
a unique epidemiologic profile, including high inci- 
dence combined with significant survival rate and residu- 
al disability. Brandstater’ reported that there are 1.5 million 
stroke survivors in the United States and that approxi- 
mately half of these individuals have significant persisting 
neurologic impairment and physical disability. On the ba- 
sis of the significant amount of residual functional impair- 
ment, rehabilitation must be considered an important 
component of care and treatment for persons who have 
experienced a stroke. Brandstater argued that rehabilita- 
tion should not be thought of as “a distinctly separate 
phase of care,” but that it is “an integral part of all medical 
management.” ?p540) 

Unfortunately, the existing research examining stroke 
rehabilitation has not provided clear or consistent infor- 
mation regarding what procedures are most effective with 
which type of patients. In a review of stroke rehabilitation 
clinical trials conducted during a period of 20 years, Dom- 
bovy and colleagues? concluded that few of the trials pro- 
vided “documentation of effectiveness.”*?*) Lind’ also 
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those patients in comparison groups (95% confidence 
interval, 63.6% to 67.3%). The results also revealed a sig- 
nificant interaction between type of research design and 
method of recording the outcome of a clinical trial. Blind 
recording of the outcome measure appears to be an essen- 
tial design characteristic in clinical trials that do not 
randomize patients to conditions. 

Conclusions.—Programs of focused stroke rehabilita- 
tion may improve functional performance for some pa- 
tients who have experienced a stroke. The improvement 
in performance appears related to early initiation of 
treatment, but not to the duration of intervention. Im- 
provements are also associated with the patient’s age and 
the type of design. Research design should be considered 
an important moderator variable in planning and inter- 
preting future clinical trials of treatment effectiveness in 
stroke rehabilitation. 

(Arch Neurol. 1993;50:37-44) 


reviewed the literature on the effectiveness of stroke reha- 
bilitation treatment and concluded that “the results of 
these studies conflict and the conclusions vary wide- 
ly.”*) The controversy surrounding stroke rehabilita- 
tion was most recently addressed by Reding and McDow- 
ell’ who argued the benefits of stroke rehabilitation, and 
Dobkin, who suggested that convincing evidence con- 
cerning the therapeutic usefulness of stroke rehabilitation 
does not yet exist. 

Previous reviews of the stroke rehabilitation research 
literature have frequently recommended further re- 
search with the implied purpose of corroborating or 
contradicting previously reported findings.** This call 
for additional research is based on the belief that em- 
piric knowledge in the biomedical and rehabilitation 
sciences should be cumulative. That is, consensus is 
built on replication and aggregation. Evidence from 
multiple clinical trials can only be used constructively 
by policymakers, researchers, and clinicians when it is 
synthesized in a logical, systematic manner. Traditional 
narrative attempts to synthesize the existing stroke re- 
habilitation research have failed to provide any empiric 
consensus. Alternative methods of research synthesis 
are available, however. These alternative procedures, 
referred to as meta-analysis, were developed in the be- 
havioral sciences.” They have recently been successfully 
used to examine several controversial areas of medical 
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practice, including cardiac rehabilitation,? B-blockers,"° 
therapeutic use of aspirin," pharmacologic treatment of 
hypertension,” and various cancer therapies."® 

The purpose of the present investigation was to examine 
the effectiveness of programs of stroke rehabilitation on 
functional outcomes by means of the methods of meta- 
analysis. Data from all available clinical trials that met spe- 
cific inclusion criteria were included in the examination. 


MATERIALS AND METHODS 


Potentially relevant clinical trials were identified through com- 
puterized and manual searches of the literature. Computerized 
searches of the following data bases were conducted: Index Med- 
icus, Nursing and Allied Health Abstracts, Psychological Abstracts, 
Educational Resource Information Centers, Dissertation Abstracts, and 
Science Citation Index. The computerized searches were conduct- 
ed by means of various combinations of the following descriptors: 
rehabilitation, stroke, cerebrovascular accident, hemiplegia, 
hemiparesis, remedial therapy, function, activities of daily living 
(ADL), and functional outcome. 

In addition to the computerized searches, an examination of the 
bibliographies of retrieved trials (citation tracking) was used to 
identify potential investigations. Clearinghouses and bibliogra- 
phies, such as the National Rehabilitation Information Center 
Bibliography and the National Health Standards and Quality In- 
formation Clearinghouse, were also contacted. The search cov- 
ered the period between 1960 and June 1990. 


Relevance Decision Criteria 


The search yielded a total of 124 nonoverlapping reports that 
were broadly construed as potentially relevant to the topic of 
stroke rehabilitation. The full reports were then judged for rele- 
vance on several specific criteria. The first criterion was that the 
trial had to investigate the effects of a program of stroke rehabil- 
itation. To qualify as a rehabilitation program, the intervention 
had to include a set of procedures or treatment activities designed 
to improve the functional performance of persons who had expe- 
rienced a stroke. The second criterion involved the subjects 
included in the trial. To be included in the review, the report had 
to include subjects whose primary medical diagnosis was hemi- 
plegia or hemiparesis secondary to a stroke. Trials that included 
participants whose primary diagnosis was head trauma, brain 
tumor, or other nonstroke conditions were not included in the 
review. 

The third criterion for inclusion in the review was related to the 
type of dependent variable(s) employed in the report. One 
advantage of quantitative reviewing is the use of broad categories 
of dependent variables.”"*"° The use of different outcome mea- 
sures provides a mechanism for evaluating the effects of multiple 
operationalism in a particular literature. Multiple operationalism 
may be defined as the use of many measures that share a similar 
theoretical concept or construct but use different procedures to 
assess that construct.'* For example, a given trial investigating the 
efficacy of rehabilitation for patients with stroke may employ the 
Barthel index as a measure of improvement in activities of daily 
living (ADL). The argument could be made that the Barthel in- 
dex is a narrow measure and not representative of all ADL abil- 
ities. If a second trial, using a similar rehabilitation intervention 
but a different method of measuring ADL, also reports improve- 
ments in this area, then the argument that the rehabilitation pro- 
gram improves ADL as a theoretical construct is strengthened. 
Cooper" noted that multiple operationalism has positive conse- 
quences because once a variable (construct) has been confirmed 
by two or more distinct measurement procedures, the uncertain- 
ty of its interpretation is greatly reduced. 

The purpose of this investigation was to evaluate the literature 
examining the effectiveness of rehabilitation services for patients 
with stroke. Improvement or enhancement of functional abilities 
was defined by performance on any measure that could be cat- 
egorized as (1) motor or reflex function, (2) cognitive skill, 
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(3) language ability, (4) visual-perceptual function, and/or (5) 
ADL skill. In addition, information was collected on length of stay 
and discharge destination when these data were provided in the 
article. Any functional measure that could not be classified into 
one of the above groups was placed in a category labeled “oth- 
er.” This category included such outcome measures as vocational 
status, degree of bowel and bladder control, and other indicators 
that did not occur with sufficient frequency to justify a separate 
category. 

The final two criteria for inclusion in the review were related 
to the clinical trial’s design and method of analysis. A clinical tri- 
al had to report a comparison between at least two groups or 
conditions. In most cases, the comparison was between a treat- 
ment group that received a comprehensive rehabilitation pro- 
gram and a comparison group that received standard medical 
care. For example, in the investigation by Feldman and associ- 
ates,” patients were randomly selected to determine whether they 
would receive the full range of rehabilitation services available or 
whether they would receive standard care on a medical or neu- 
rology ward. Patients on the medical or neurology ward (com- 
parison group) received a program of functionally oriented med- 
ical care supervised by the personnel of the ward. Patients in the 
treatment group received an individualized program of rehabil- 
itation treatment carried out by Department of Physical Medicine 
and Rehabilitation personnel. In some trials where a within- 
subject design was used, the comparison or control condition was 
composed of the same patients who later served as the experi- 
mental group. All studies were coded on the basis of the type of 
comparison contained. 

Finally, the clinical trial had to report findings and results in a 
manner that allowed quantitative analysis. That is, the report had 
to include quantitative data related to the outcome of the 
comparisons, such as f or F ratios, means, SDs, P levels, etc, in 
sufficient detail that appropriate effect size measures could be 
computed (see next section for a discussion of effect size 
measures). 


Coding of Clinical Trials 


With the general boundaries of the review determined, the next 
step was to identify aspects of the trials related to patient 
outcomes. These variables fell into four general categories. The 
first category was patient characteristics, including information 
on the number of subjects included in the trial and their mean age. 
The second category included information related to the inde- 
pendent and dependent variables and the design characteristics 
of the trial, including the type of subject assignment (ie, random, 
matching, preexisting groups), whether the outcome measure 
was masked, the duration of the treatment, whether the outcome 
measure was standardized or informal, and whether a follow-up 
measure was collected. 

The third category included aspects of the trial’s outcome, such 
as the statistical test used, the test value reported, the accompa- 
nying probability level, and the df associated with error. The final 
category, retrieval characteristics, included the year of publication 
and the source of publication, including where the trial was 
conducted. 

A total of 20 studies were coded by three raters. The three rat- 
ers reviewed each of the investigations and independently com- 
pleted the coding sheet. Interrater agreements for all items were 
computed by means of the intraclass correlation approach. The 
intraclass correlation coefficient values ranged from .77 to 1.00 
for the items on the coding form that were used in subsequent 
analyses. 


Quantifying Study Outcomes 


Cohen" and Berlin et al? have popularized procedures capa- 
ble of uncovering systematic variation in the statistical outcomes 
of clinical trials. These procedures involve the calculation of effect 
size and the analysis of effect size in relation to study and design 
characteristics. 

Cohen defined an effect size as a quantitative index that reflects 
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the “degree to which the null hypothesis is false.” °?” Standard- 
ized measures of effect size appropriate for use with a wide va- 
riety of research designs and statistical tests were described by 
Cohen. One effect size measure included in this review was the 
d-index. The d-index gauges the difference between two group 
means in terms of their common (average) SD. If d=0.30, it indi- 
cates that %10 of an SD separates the two sample means. Fried- 
man” has presented formulas and rationale for computing 
d-index estimates from traditional statistical tests, such as t and 
F values. In cases where inferential statistical values are not 
reported in detail, an estimated effect size index may be comput- 
ed from significance levels and sample sizes.*” In addition, Glass 
et al’ and others*"* described procedures for computing effect 
sizes in situations where nonparametric statistics or some form of 
descriptive statistics are presented. The d-index has been criti- 
cized in the medical literature because some applications have not 
considered the impact of sample size, ie, standard methods of 
determining a d-index do not distinguish between small studies 
with large effects and large studies with small effects.” To address 
this issue, the sample weighting procedure described by Hedges 
and Olkin*® was used in this investigation. This procedure involves 
estimating a weighting factor w;, which is the inverse of the vari- 
ance associated with each d-index estimate: W,=[2(n;; +12); 21 / 
[2(n; +n) +n,N2d;2] where nı and np are the numbers of data 
points in group 1 and group 2 of the comparison and d; is the 
d-index for the comparison under consideration. 


Data Analysis 

The average effect size for all statistical tests included in the 
analyzed articles was obtained. Mean and median effect sizes for 
the various categories of dependent measures and different types 
of design were computed and are presented in tabular form 
(stem-and-leaf plots) in the next section. A form of descriptive 
analysis was conducted with the use of effect size values, SEMs, 
and confidence intervals to determine reliable differences among 
study and design characteristics. 

The modification of the Mantel-Haenszel method described by 
Yusuf and colleagues” was used with selected measures, such as 
discharge disposition, that provided categorical outcome infor- 
mation. The modified Mantel-Haenszel procedure compares each 
treatment with its own control or comparison group and weights 
each trial according to its sample size. 


RESULTS 


A total of 36 of the original 124 clinical investigations met 
the inclusion criteria and were analyzed.” References 
for the 124 investigations that formed the initial database 
can be obtained from one of us (K.J.O.). 

A total of 3717 subjects participated in the 36 clinical tri- 
als included in the analysis. Approximately 52% of the 
subjects were male and 48% were female. Slightly more 
patients were diagnosed as having right hemiplegia (48%) 
than left hemiplegia (41%). The remaining 11% were diag- 
nosed as having bilateral or undifferentiated hemiplegia. 

The mean (+SD) age of participants was 68.90+6.78 
years. Mean ages were generally reported for subjects at 
the beginning of the study. For those studies reporting ages 
at both the beginning and the end of the investigation, only 
the initial ages were included in determining the overall 
mean age across the studies. The mean year of report ap- 
pearance was 1982+6.32, and the mean length of time be- 
tween occurrence of the cerebrovascular accident and on- 
set of rehabilitation treatment across the reviewed studies 
was 7 weeks. The mean d-index for the 36 clinical trials 
collapsed across all the functional outcome measures was 
0.40+0.33 (95% confidence interval, 0.35 to 0.45). This 
d-index was computed from 173 statistical tests included 
in the 36 reviewed trials. The number of d-indexes is larg- 
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er than the number of investigations because the individ- 
ual reports often included statistical evaluations of more 
than one dependent measure. For example, a trial includ- 
ing a two-group comparison might include outcome mea- 
sures related to several areas of motor performance, ie, gait 
or hand function, along with measures of ADL and 
visual-perceptual function. The fact that individual stud- 
ies included multiple dependent measures or several lev- 
els of one dependent variable resulted in the generation of 
173 d-indexes. The average clinical trial included in the 
analysis contained a mean of 4.81 statistical comparisons 
(effect size values). 

All individual d-indexes are included in Table 1. Each 
d-index is indicated by a combination of a “stem” and a 
“leaf” following the system of data presentation suggest- 
ed by Tukey.” The stem includes the initial or beginning 
value for the d-index and appears in the left-hand column 
of the table. The leaf values represent the individual num- 
bers, each of which is associated with the corresponding 
stem. For example, the numbers 1, 2, 5, and 7 (leaf) to the 
right of 0.5 (stem) in Table 1 represent d-index values of 
0.51, 0.52, 0.55, and 0.57, respectively. The stem and leaf 
provides all the information of a histogram but also shows 
the actual values of all d-indexes. Below the stem and leaf 
plot, in the footnote to the table, the minimum and max- 
imum d-indexes are given along with the first and third 
quartiles, mean, median, and SD. 

Hedges and Olkin® pointed out that the results of stud- 
ies and associated effect sizes will vary on the basis of 
chance. That is, because researchers take samples from 
populations, the means of the samples will not always be 
identical to the population mean or to other sample 
estimates. The amount of variability in sample means 
taken from a single population will be a function of the 
number of data points on which the sample means are 
based. The possibility exists, therefore, that considerable 
variance may occur within a collection of effect sizes due 
to sampling error. This potential sampling error is further 
confounded by the fact that multiple effect sizes were con- 
tained in the 36 clinical trials included in the analysis. The 
multiple effect sizes do not represent independent data 
points. This lack of independence may produce a system- 
atic bias in the effect size results. To examine this possibil- 
ity, all effect sizes within a particular clinical trial were av- 
eraged. This analysis produced one effect size per 
investigation (N=36). These effect sizes represent indepen- 
dent data points. The mean (+SD) effect size for the 36 tri- 
als with the use of the study as the unit of analysis was 
0.41+0.22 compared with a mean of 0.40+0.33 when the 
173 individual effect sizes were considered as a unit of 
analysis. The combined results of this analysis indicate that 
there were no substantial differences between any of the 
mean values on the basis of whether the aggregation 
occurred across the study or the effect size. All subsequent 
procedures were completed with the use of the individual 
effect sizes as the unit of analysis because it allowed an in- 
vestigation of covariation between outcome (as measured 
by effect size) and other design or study characteristics. 

Hedges and Olkin® and Rosenthal and Rubin” proposed 
the use of a homogeneity analysis to test whether the vari- 
ance exhibited in a set of effect sizes is explainable by 
sampling error. If the homogeneity analysis reveals that 
the variance in the effect sizes is greater than expected by 
chance, the investigator may begin to examine other 
sources of variance due to trial characteristics or design 
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Table 1.—Stem-and-Leaf Plot of Effect Size Information* 
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*Mean, 0.40; median, 0.33; SD, 0.33; N=173; minimum, 0.00; max- 
imum, 2.22; first quartile, 0.14; and third quartile, 0.65. One value (2.22) 
was outside the range of the table. 


variables. The overall homogeneity statistic (Hy) described 
by Hedges and Olkin was computed for the set of effect 
sizes (d-indexes) and indicated that the amount of vari- 
ability in the collection of effect sizes exceeded that which 
would have been expected by chance (P<.05). Based on 
this result, an analysis of effect sizes by specific design 
characteristics was considered justified. 


Independent Variable and Effect Size 


The independent variable of interest in this investiga- 
tion was the effectiveness of rehabilitation procedures 
for patients who had experienced a stroke. Rehabilita- 
tion procedures were broadly defined as services “con- 
cerned with the restoration and development of physi- 
ological and psychological function in order to improve 
performance and behavior.”*?"* These services were 
often provided by a variety of rehabilitation personnel, 
including rehabilitation nurses, occupational and/or 
physical therapists, rehabilitation psychologists, and a 
rehabilitation team. Studies were coded according to 
service provider into four general categories: psycholo- 
gist, therapist, team, and other. Analysis of effect size 
by service provider revealed little between-category 
variability, with effect size values ranging from 0.39 to 
0.43. Two other aspects of the independent variable 
were also investigated: the duration of rehabilitation 
treatment and the timing of initial treatment. The corre- 
lation between effect size value and length of treatment 
was r=.11, suggesting no significant relationship be- 
tween duration of treatment and overall outcome as 
measured by effect size. The correlation value for the 
average length of time between stroke occurrence and 
entrance into a rehabilitation program and effect size 
was r=—.32 (P<.05). This value suggests that effect sizes 
were inversely related to the time of initiation of stroke 
rehabilitation, with larger effect sizes associated with 
early intervention. 
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Dependent Variable and Effect Size 


The mean d-indexes and related descriptive data for 
each dependent measure appear in Table 2. Inspection of 
the information in Table 2 reveals that dependent mea- 
sures classified as ADL and visual-perceptual function 
were associated with the largest mean d-indexes. Motor/ 
reflex and ADL were the most frequently encountered type 
of dependent measures. To examine the degree of differ- 
ence between the various categories of dependent mea- 
sures, an informal criterion developed by Cooper'* was 
adopted. With the use of this procedure, d-indexes are 
considered to be reliably different from one another if they 
are more than 2 SEMs apart. Presentation of the SEM for 
effect sizes provides the reader with an easily interpreted 
measure of difference for the effect size values of various 
conditions. The application of the 2-SE criterion revealed 
reliable differences among several of the outcome mea- 
sures (Table 2). 

A related analysis explored the association between 
d-indexes and whether the dependent measure employed 
was standardized or informal. Standardized measures 
were those developed for a specific population, adminis- 
tered in a prescribed manner, and providing a standard- 
ized score. The Barthel index'® and Klein-Bell assessment™ 
represented examples of standardized measures. Informal 
assessments were frequently developed by authors of a 
particular trial and relied on comparisons between subjects 
in the specific investigation or clinical judgments of the in- 
vestigators. The mean (+SD) d-index for the comparisons 
associated with standardized measures was 0.36+0.26, 
while the mean d-index for the comparisons based on in- 
formal measures was 0.40+0.29. It was not possible to de- 
termine whether the outcome was standardized or infor- 
mal in 91 of the comparisons. The mean d-index for these 
91 comparisons was 0.41+0.36. No reliable difference ex- 
isted across the 173 effect sizes on the basis of whether the 
outcome measure was standardized or informal by means 
of the 2-SEM criterion. 

Data concerning how the dependent measure was 
recorded were also coded and included in the analysis. The 
dependent measure was “blindly” recorded (masked) in 67 
of the comparisons and associated with a mean d-index of 
0.34+0.30. The mean d-index for the 66 comparisons where 
the dependent measure was not blindly recorded was 
0.51+0.36. In 40 of the comparisons it was not possible to 
determine if the dependent variable was blindly recorded. 
The mean effect size for these 40 comparisons was 
0.31+0.27. The 2-SE assessment indicated that the differ- 
ences between the mean d-indexes for how the data were 
recorded were reliably different. 


Design Characteristics and Effect Size 


Individual clinical trials were coded according to the 
type of research design based on criteria originally devel- 
oped and presented by Campbell and Stanley.*' Designs 
were classified according to whether they were preexper- 
imental, quasi experimental, true experimental, or other. 
Preexperimental designs included one-group pretest/ 
posttest designs or variations of this design in which one 
group was originally evaluated, then given intervention, 
and tested again at a later date to determine the effects of 
intervention. The quasi-experimental design category in- 
cluded a variety of designs usually involving parallel 
groups in which the groups, rather than individuals, were 
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Table 2.—Descriptive and Summary Effect Size 
Information by Type of Dependent Variable* 







Effect Sizes 
(Mean/Median) SD N SEM 


0.37/0.31 


Variable 


Motor/reflex 







Language /cognition 0.25/0.17 026 25 ©06 
Visual/perceptual 0.52/0.44 0.30 10 0.09 
ADL 0.57/0.46 0.43 28 0.08 
LOS 0.34/0.33 0.16 4 0.08 





Other 0.49/0.38 


*ADL indicates activities of daily living; LOS, length of stay. 


assigned to intervention and nonintervention conditions. 
The third category included true experimental designs or 
randomized clinical trials, in which random assignment or 
a combination of random assignment and matching of in- 
dividual subjects was used to constitute two or more 
groups. The final design category of “other” included time 
series designs or crossover designs that did not fit clearly 
into any of the first three categories. 

Two trained evaluators rated the design of each clinical 
trial according to the above categories. An overall rater 
consensus of 89% was obtained by means of an index de- 
scribed by Hartmann” that corrects for chance agreements. 
The mean d-index associated with each type of design 
along with related descriptive information appears in Ta- 
ble 3. The largest mean effect sizes were associated with 
designs classified as preexperimental and quasi experi- 
mental. With the use of the 2-SE criterion, a reliable differ- 
ence existed between the preexperimental and true exper- 
imental designs and between the quasi-experimental and 
true experimental designs. No reliable difference, how- 
ever, was found between the mean effect sizes for 
the preexperimental and quasi-experimental categories 
(Table 3). 

Effect sizes were also analyzed according to subject as- 
signment procedures. The mean d-index for the compari- 
sons using random assignment was 0.39+0.29, while the 
mean d-indexes for the contrasts using matching or some 
combination of matching and randomization were 
0.45+0.19 and 0.42+0.34, respectively. Convenience sam- 
ples or preexisting groups were employed in 43 of the 
comparisons and were associated with a mean d-index of 
0.43+0.41. The mean effect size value associated with ran- 
dom assignment was the lowest. No reliable difference was 
found between categories of assignment using the previ- 
ously described 2-SE criterion. 


Design Interactions 


Type of design and method of recording (blind vs not 
blind) were the only two design-related variables that 
produced reliable differences by the 2-SE criterion. An 
analysis of the interaction between these two potentially 
important design moderator variables produced an inter- 
esting result. The Figure depicts the interaction between 
type of design and method of recording the dependent 
variable. When the method of recording was isolated, there 
was relatively little difference in mean effect size values by 
type of design. However, there was a marked (linear) dif- 
ference between the designs when trials not using blind 
recording were compared (Figure). 
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Table 3.—Descriptive and Summary Information for 
Effect Size by Type of Research Design 


Effect Size 
(Mean/Median) SD N SEM 






Design 











Preexperimental 0.45/0.33 0.44 37 0.07 
Quasi-experimental 0.46/0.44 0.30 51 0.04 
True experimental 0.37/0.31 0.30 65 £0.04 


Other 0.28/0.23 





Miscellaneous Analyses 


Correlations were computed between year of report ap- 
pearance and d-index (r=—.43), the average age of subjects 
and effect size (r=—.41), and the total number of subjects 
per study and effect size (r=—.20). These analyses revealed 
a trend in which larger effect sizes were found in older 
studies and in studies with younger subjects. The results 
also suggest an inverse relationship in which studies with 
smaller sample sizes tended to report relatively larger ef- 
fect sizes. 

Six of the 36 trials provided information on discharge 
destination. Patients were categorized along the two lev- 
els of the intervention variable, ie, receiving a focused 
stroke rehabilitation program vs no rehabilitation pro- 
gram, and the two levels of the outcome variable, ie, dis- 
charged to home care vs all other discharge placements. 
Odds ratios were computed for each of the six trials and 
ranged from 0.39 to 1.15. The Mantel-Haenszel point esti- 
mate for the pooled odds ratio was 0.76 (95% confidence 
interval, 0.63 to 0.89; P<.05). This result indicated that pa- 
tients receiving focused rehabilitation programs were 
more frequently discharged to home placements than were 
patients receiving standard medical care and/or rehabili- 
tation. This finding was based on a small subsample (n=6) 
and must be viewed with caution. 


COMMENT 


The effectiveness of rehabilitation programs for patients 
with hemiplegia or hemiparesis resulting from a stroke is 
currently an issue generating considerable professional 
debate.’® In the present political and economic climate, the 
cost-effectiveness and therapeutic impact of many medical 
services should be questioned if convincing evidence can- 
not be generated to support socially important outcomes. 

The reviewing techniques employed in this investiga- 
tion demonstrated that focused rehabilitation programs 
for patients with stroke do produce quantifiable effects. 
The overall mean effect size reported for the clinical trials 
reviewed was 0.40. This effect size can be translated toa U; 
value of 65.5 (see Cohen"), suggesting that the average 
subject in the treatment condition receiving focused reha- 
bilitation performed better than approximately 65.5% of 
the subjects in the comparison conditions (95% confidence 
interval, 63.6% to 67.3%). The overall mean effect of 0.40 
was in the range Cohen considered a small treatment ef- 
fect. This does not mean, however, that the therapeutic 
implications of the overall mean effect are nonsignificant. 
Rosenthal and Rubin” introduced the binomial effect size 
display to help interpret effect size values. The binomial 
effect size display answers the following question: What is 
the effect on the “success rate” of a treatment procedure? 
The binomial effect size display presents the change in 
success rate attributable to an independent variable. For a 
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Effect Size 


Not Blind 





Preexperimental True Experimental 
Quasi Experimental 


Design 


Interaction of type of research design and method of recording. 


d-index of 0.40, the binomial effect size display is equal to 
20% or a change in success rate from 30% to 50%, for ex- 
ample. The use of the binomial effect size display to dem- 
onstrate increased performance or success rate more clear- 
ly communicates the real-world importance of the 
intervention effects than do commonly used effect size es- 
timators based on the proportion of variance accounted for 
by the independent variable. 

The importance of the stroke rehabilitation treatment 
effect is enhanced when one considers that in the great 
majority of the clinical trials included in the review, the 
statistical comparisons being made were between one 
group receiving some standard treatment (the comparison 
group) and another group receiving more intensive or 
specialized rehabilitation (the treatment group). As 
Gresham® accurately noted, “the time is probably past 
when truly randomized prospective studies of stroke 
rehabilitation versus no stroke rehabilitation can be done. 
Ethical considerations and the expectations of patients and 
families will preclude such a design.” ®©” The lack of op- 
portunity to conduct randomized clinical trials does not 
lessen the need for information regarding the effectiveness 
of stroke rehabilitation programs. The difficulty in con- 
ducting randomized clinical trials highlights the impor- 
tance of understanding the impact that design variables 
might have on the outcome of a clinical trial. 

Some authorities in rehabilitation medicine have ques- 
tioned the empiric validity of rehabilitation for patients 
with stroke on the basis of design weakness.*® The impli- 
cation is that poorly controlled or poorly designed trials 
produce statistically significant results in favor of the 
intervention and that these results would not appear in 
more rigorously controlled investigations. This is one ar- 
gument for including only studies that meet rigorous de- 
sign criteria, such as the randomized clinical trial, in 
quantitative reviews.” 
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The possibility exists that design factors can produce 
results that decrease rather than increase the likelihood 
of detecting a statistically significant effect. For example, 
the argument can be made that the larger variances 
commonly associated with poorly controlled or de- 
signed clinical trials may contribute “noise” that masks 
the evidence indicating a successful outcome. The issue 
of how design factors influence outcomes in research 
literature is an empiric question best answered through 
the application of quantitative reviewing procedures. 
The results of this investigation suggest an important 
interaction between the type of research design and the 
method used to record information regarding the de- 
pendent variable. The mean effect size values for trials 
using a true experimental design or randomized clinical 
trials were similar regardless of whether or not the trial 
used blind recording. The presence (or absence) of blind 
recording, however, resulted in a marked difference in 
clinical trials using either a preexperimental or quasi- 
experimental design. The difference in mean effect size 
for preexperimental investigations with and without 
blind recording was dramatic, ie, 0.73 vs 0.38. The same 
trend was evident for quasi-experimental design, al- 
though the difference was not quite as large (0.52 vs 
0.22). This significant interaction suggests that, in preex- 
perimental and quasi-experimental designs, the lack of 
blind recording may allow the introduction of a system- 
atic bias in favor of the independent variable. The clear 
implication from this result is that clinical trials using 
either a preexperimental or quasi-experimental design 
should make every effort to record information related 
to the dependent measures included in the investigation 
blindly. 

Another interesting finding was the correlation between 
effect size and patient age. A significant negative correla- 
tion was found between age and d-indexes across the 173 
comparisons. This correlation suggests that larger 
d-indexes (larger treatment effects) were associated with 
younger patients. This finding is associational (not causal 
in nature) and may be due to a third factor not included 
in the analysis. For example, Lehmann and associates™ re- 
ported that older patients were more likely to have the 
most severe strokes and that the severity of the cerebrovas- 
cular accident may be the variable influencing outcome. 
When the severity of the stroke was controlled for in the 
Lehmann et al study, the correlation between age and pa- 
tient outcome was reduced considerably. Unfortunately, 
the majority of the clinical trials included in this review did 
not provide information on the severity of the cerebrovas- 
cular accident, and so this variable could not be included 
in the analysis. 

The length or duration of the rehabilitation programs 
included in the reviewed trials was not associated with 
covariation in improved performance. A significant rela- 
tionship, however, was found between effect size values 
and how soon after the stroke rehabilitation was initiated. 
The largest effect sizes were associated with those trials 
where the rehabilitation programming was begun at a rel- 
atively early point, and this was true regardless of the 
subject’s age. This result provides support for the early 
initiation of rehabilitation procedures for patients with 
stroke and corroborates the findings of Smith et al, who 
reported that “early introduction of rehabilitation by ther- 
apists may be more important than the amount or duration 
of the treatment.” *6P?D 
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Limitations 

The ability of meta-analysis procedures to evaluate cer- 
tain relationships contained within aggregated clinical tri- 
als does not mean that all problems of conceptualization or 
methodologic artifact can be resolved. Alternative concep- 
tualizations may rival those based on multiple trials in the 
same manner that alternate conceptualizations may ac- 
count for the results of a particular primary investigation. 
In addition, certain factors important to intervention out- 
comes cannot easily be assessed across many clinical trials. 
For example, the intensity or integrity of the treatment 
program is often difficult or impossible to evaluate across 
trials. An investigation may contain a very convincing op- 
erational definition of the intervention strategy but pro- 
vide little information concerning how effectively the 
treatment program was actually implemented. Issues 
related to the strength and integrity of intervention pro- 
grams may have an influence on treatment outcomes that 
_ both traditional reviewing procedures and quantitative 
reviewing methods are unable to evaluate.” 

Another potential limitation is missing data. Not all 
possible statistical information from which an effect size 
can be calculated was reported by authors of the reviewed 
trials. Hence, it was not always possible to derive all the 
potential effect sizes for a given trial. Several investigations 
included in this review failed to report one or more sets of 
results in sufficient detail to estimate an effect size. Some 
trials were more defective than others in not reporting im- 
portant information. Other reviewers have also encoun- 
tered this problem of missing data and commented on its 
possible effects. For example, Cooper" argued that there 
may be a systematic bias in the types of data that are miss- 
ing from trials. Authors may be less likely to report specif- 
ic data for analyses yielding nonsignificant results. To the 
extent that investigators fail to report results of nonsignif- 
icant outcomes, a degree of systematic bias is introduced 
regarding the reporting of trial findings. This problem was 
dealt with in this investigation by assigning an effect size 
of 0.00 to any statistically nonsignificant comparison for 
which data were not provided in the primary investiga- 
tion. This is a conservative correction, and its application 
requires that the author state that a nonsignificant test was 
conducted. 


Conclusion 


Despite the above limitations, the quantitative review- 
ing procedures applied in this investigation represent an 
advance over traditional narrative attempts to integrate a 
body of research literature. As Rosenthal® noted, the 
“procedures are not perfect, we can use them inappropri- 
ately, and we will make mistakes. Nevertheless, the alter- 
native to the systematic, explicit, quantitative procedures 
is even less perfect, even more likely to be applied 
inappropriately, and even more likely to lead us to 
error.” 

The results of this investigation have demonstrated that 
treatment effects for stroke rehabilitation programs are 
evident if the proper techniques are employed to identify 
and synthesize clinical trials. Additional questions remain 
to be answered regarding the efficacy of rehabilitation 
programs for patients with stroke. These questions include 
the following: For which patients does rehabilitation work 
best? Are certain programs better for certain patients? 
When should patients be enrolled to achieve maximum 
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benefit? How long do the effects of treatment last? These 
are all important questions that need to be addressed by 
researchers in the medical rehabilitation specialties. Pro- 
viders of service should not wait for the one definitive 
clinical trial that will resolve these issues. The results of this 
investigation demonstrate that we can begin to answer 
some questions of effectiveness if current and future 
research is properly conducted and synthesized. 


This study was supported by field-initiated research grant 
H133600183 from the National Institute on Disability and Rehabilita- 
tion Research, US Department of Education. 


References 


1. Gresham GE. Past achievement and new directions in stroke outcome 
research. Stroke. 1990;21(suppl II):Il-1-II-2. 

2. Brandstater ME. An overview of stroke rehabilitation. Stroke. 1990;213 
(suppl 11):11-40-l1-42. 

3. Dombovy ML, Sandok BA, Basford J. Rehabilitation for stroke: a review. 
Stroke. 1986;17:363-369. 

4. Lind K. A synthesis of studies on stroke rehabilitation. J Chronic Dis. 
1982;35:133-149. 

5. Reding MJ, McDowell FH. Focused stroke rehabilitation programs im- 
prove outcome. Arch Neurol. 1989;46:700-701. 

6. Dobkin BH. Focused stroke rehabilitation programs do not improve 
outcome. Arch Neurol. 1989;46:701-703. 

7. Glass GV, McGaw B, Smith ML. Meta-Analysis in Social Research. 
Beverly Hills, Calif: Sage Publishers Inc; 1981. 

8. Hedges LV, Olkin |. Statistical Methods for Meta-Analysis. Orlando, Fla: 
Academic Press; 1985. 

9. O'Connor GT, Buring JE, Yusuf S, et al. An overview of randomized tri- 
als of rehabilitation with exercise after myocardial infarction. Circulation. 
1989;80:234-244. 

10. Barber NS, Lewis JA. Beta-blockers in the treatment of myocardial in- 
farction. BMJ. 1980;281:59. 

11. Hennekens CH, Peto R, Hutchison GB, Doll R. An overview of British 
and American aspirin studies. N Engl J Med. 1988;318:923-924. 

12. Collins R, Yusuf S, Peto R. Overview of randomized trials of diuretics 
in pregnancy. BMJ. 1985;290:17-23. 

13. Simon R. Overviews of randomized clinical trials. Cancer Treat Rep. 
1987;71:3-5. 

14. Cooper HM. Integrating Research: A Guide for Literature Reviews. 2nd 
ed. Beverly Hills, Calif: Sage Publishers Inc; 1989. 

15. Light RJ, Pillemer D. Summing Up: The Science of Reviewing 
Research. Cambridge, Mass: Harvard University Press; 1984. 

16. Mahoney Fl, Barthel DW. Functional evaluation: the Barthel index. 
Md State Med J. 1965;14:61-65. 

17. Feldman DJ, Lee PR, Unterecker J, Lloyd K, Rusk HA, Toole A. A 
comparison of functionally orientated medical care and formal rehabilitation 
in the management of patients with hemiplegia due to cerebrovascular dis- 
ease. J Chronic Dis. 1961;15:297-310. 

18. Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed. 
Hillsdale, NJ: Lawrence Erlbaum Associates; 1988. 

19. Berlin JA, Laird NM, Sacks HS, Chalmers TC. A comparison of statis- 
tical methods for combining event rates from clinical trials. Stat Med. 1989; 
8:141-151. 

20. Friedman H. Magnitude of experimental effect and a table for its rapid 
estimation. Psychol Bull. 1968;70:245-251. 

21. Sacks HS, Berrier J, Reitman D, Ancoma-Berk VA, Chalmers TC. 
Meta-analysis of randomized controlled trials. N Engl J Med. 1987;316:450- 
455. 

22. Yusuf S, Peto R, Lewis J, et al. Beta-blockade during and after myocar- 
dial infarction: an overview of randomized trials. Prog Cardiovasc Dis. 
1985;27:335-371. 

23. Basmajiam JV, Gowland CA, Finlayson AJ, et al. Stroke treatment: 
comparison of integrated behavioral-physical therapy vs traditional physical 
therapy programs. Arch Phys Med Rehabil. 1987 ;68:267-272. 

24. Bowman BR, Baker LL, Waters RL. Positional feedback and electrical 
stimulation: an automated treatment for the hemiplegic wrist. Arch Phys Med 
Rehabil. 1979;60:497-502. 

25. Carter LT, Howard BE, O'Neil WA. Effectiveness of cognitive skill re- 
mediation in acute stroke patients. Am J Occup Ther. 1983;37:320-326. 

26. Denes G, Semenza C, Stoppa E, Lis A. Unilateral spatial neglect and 
recovery from hemiplegia: a follow-up study. Brain. 1982;105:543-552. 

27. Dickstein R, Hocherman S, Pillar T, Shaham R. Stroke rehabilitation: 
three exercise therapy approaches. Phys Ther. 1986;66:1233-1238. 

28. Feigenson JS, Gitlow HS, Greenberg SD. The disability oriented reha- 
bilitation unit: a major factor influencing stroke outcome. Stroke. 1979;10: 
5-8. 

29. Garraway WM, Akhtar AJ, Hockey L, Prescott RJ. Management of 
acute stroke in the elderly: follow-up of a controlled trial. BMJ. 1980;281: 
827-829. 


Stroke Rehabilitation Research—Ottenbacher & Jannell 43 


3 
è 
< 
i 


> Soo 
As pia 


nibaada a A 


cx 


30. Garraway WM, Akhtar AJ, Prescott RJ, Hockey L. Management of 
acute stroke in the elderly: preliminary results of a controlled trial. BMJ. 
1980;280:1040-1043. 

31. Gordon WA, Hibbard MR, Egelko S, et al. Perceptual remediation in 
patients with right brain damage: a comprehensive program. Arch Phys Med 
Rehabil. 1985;66:353-359. 

32. Greenberg S, Fowler RS. Kinesthetic biofeedback: a treatment modal- 
ity for elbow range of motion in hemiplegia. Am J Occup Ther. 1980;34: 
738-743. 

33. Hayes SH, Carroll SR. Early intervention care in the acute stroke pa- 
tient. Arch Phys Med Rehabil. 1986;67:319-321. 

34. Inaba M, Edberg E, Montgomery J, Gillis MK. Effectiveness of 
functional training active exercise, and resistive exercise for patients with 
hemiplegia. Phys Ther. 1973;53:28-35. 

35. John J. Failure of electrical myofeedback to augment the effects of 
physiotherapy in stroke. Int J Rehabil Res. 1986;9:35-45. 

36. Jongbloed L, Stacey S, Brighton C. Stroke rehabilitation: sensorimotor 
integrative treatment versus functional treatment. Am J Occup Ther. 1989; 
43:391-397. 

37. Korner-Bitensky N, Mayo NE, Kaizer F. Change in response time of 
stroke patients and controls during rehabilitation. Am J Phys Med Rehabil. 
1990;69:32-38. 

38. Lord JP, Hall K. Neuromuscular reeducation versus traditional pro- 
grams for stroke rehabilitation. Arch Phys Med Rehabil. 1986;67:88-91. 

39. Mandel AR, Nymark JR, Balmer SJ, Grinnell DM, O'Riain MD. 
Electromyographic versus rhythmic positional biofeedback in computer- 
ized gait retraining with stroke patients. Arch Phys Med Rehabil. 1990; 
71:649-654. 

40. McCann BC, Culbertson RA. Comparison of two systems for stroke re- 
habilitation in a general hospital. J Am Geriatr Soc. 1976;24:211-216. 

41. McClatchie G. Survey of the rehabilitation outcome of strokes. Med 
J Aust. 1980;1:649-651. 

42. Robertson IH, Gray JM, Pentland B, Waite LJ. Microcomputer-based 
rehabilitation for unilateral left visual neglect: a randomized controlled trial. 
Arch Phys Med Rehabil. 1990;71:663-668. 

43. Shiavi RG, Champion SA, Freeman FR, Bugel HJ. Efficacy of myo- 
feedback therapy in regaining control of lower extremity musculature 
following stroke. Am J Phys Med. 1979;58:185-194. 

44, Sivenius J, Pyorala K, Heinonen OP, Salonen JT, Riekkinen P. The sig- 
nificance of intensity of rehabilitation of stroke: a controlled trial. Stroke. 
1985;16:928-931. 

45. Smedley RR, Fiorino AJ, Soucar E, Reynolds D, Smedley W, Aronica 
MJ. Slot machines: their use in rehabilitation after stroke. Arch Phys Med Re- 
habil. 1986;67:546-549. 

46. Smith ME, Garraway WM, Smith DL, Akhtar AJ. Therapy impact on 
functional outcome in a controlled trial of stroke rehabilitation. Arch Phys 
Med Rehabil. 1982;63:21-24. 


44 Arch Neurol—Vol 50, January 1993 


j _ i i" ean ra 


47. Smith DS, Goldenberg E, Ashburn A, et al. Remedial therapy after 
stroke: a randomised controlled trial. BMJ. 1981;282:517-520. 

48. Soderback |. The effectiveness of training intellectual functions in 
adults with acquired brain damage. Scand J Rehabil Med. 1988;20:47- 
56. 

49. Stern PH, McDowell F, Miller JM, Robinson M. Effects of facilitation 
exercise techniques in stroke rehabilitation. Arch Phys Med Rehabil. 1970; 
51:526-531. 

50. Takebe K, Kukulka CG, Narayan MG, Basmajian JV. Biofeedback 
treatment of foot drop after stroke compared with standard rehabilitation 
technique, II: effects on nerve conduction velocity and spasticity. Arch Phys 
Med Rehabil. 1976;57:9-11. 

51. Tangeman PT, Banaitis DA, Williams AK. Rehabilitation of chronic 
stroke patients: changes in functional performance. Arch Phys Med Rehabil. 
1990;71:876-880. 

52. Trombly CA, Quintana LA. The effects of exercise on finger extension 
of CVA patients. Am J Occup Ther. 1983;37:195-202. 

53. Trombly CA, Thayer-Nason L, Bliss G, Girard CA, Lyrist LA, Brexa- 
Hooson A. The effectiveness of therapy in improving finger extension in 
stroke patients. Am J Occup Ther. 1986;40:61 2-617. 

54. Wagenaar RC, Meijer OG, van Wieringen PCW, et al. The functional 
recovery of stroke: a comparison between neuro-developmental treatment 
and the Brunnstrom method. Scand J Rehabil Med. 1990;22:1-8. 

55. Waylonis GW, Keith MW, Aseff JN. Stroke rehabilitation in a 
midwestern county. Arch Phys Med Rehabil. 1973;54:151-155. 

56. Weinberg J, Diller L, Gordon WA, et al. Training sensory awareness 
and spatial organization in people with right brain damage. Arch Phys Med 
Rehabil. 1979;60:491-496. 

57. Wood-Dauphinee S, Shapiro S, Bass E, et al. A randomized trial of 
team care following stroke. Stroke. 1983;15:864-872. 

58. Tukey J. Exploratory Data Analysis. Reading, Mass: Addison-Wesley 
Publishing Co; 1977. 

59. Rosenthal R, Rubin D. A simple general purpose display of magnitude 
of experimental effect. J Educ Psychol. 1982;74:166-169. 

60. Klein RM, Bell B. Self-care skills: behavioral measurement with Klein- 
Bell ADL scale. Arch Phys Med Rehabil. 1982;63:335-338. 

61. Campbell DT, Stanley JC. Experimental and Quasi-Experimental De- 
signs in Research. Chicago, Ill: Rand McNally; 1966. 

62. Hartmann DP. Considerations in the choice of interobserver reliabil- 
ity estimates. J Appl Behav Anal. 1977;10:103-116. 

63. Gresham GE. Stroke outcome research. Stroke. 1986;17:358-360. 

64. Lehmann JF, DeLateur BJ, Fowler RS, et al. Stroke rehabilitation: out- 
come and prediction. Arch Phys Med Rehabil. 1975;56:383-389. 

65. Thacker SB. Meta-analysis: a quantitative approach to research inte- 
gration. JAMA. 1988;259:1685-1689. 

66. Rosenthal R. Meta-Analytic Procedures for Social Research. Beverly 
Hills, Calif: Sage Publishers Inc; 1984. 


Stroke Rehabilitation Research—Ottenbacher & Jannell 


Original Contribution 


Presurgical Evaluation of Temporal Lobe Epilepsy 
Using Interictal Temporal Spikes and 
Positron Emission Tomography 
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e Objective—Our goal was to determine the role of 
fludeoxyglucose F 18-—positron emission tomography 
('8FDG-PET) and interictal temporal spikes in lateralizing 
the epileptogenic region in patients who (1) were diagnosed 
as having temporal lobe epilepsy based on clinical symp- 
toms and exclusively temporal interictal spikes and (2) did 
not have a structural lesion on magnetic resonance imaging. 
Design.—this was a retrospective study of 40 consecu- 
tive patients fulfilling the above criteria who underwent 
'8EDG-PET scanning. A firm electrophysiologic diagnosis 
and 1 complete year of postsurgical follow-up, where 
applicable, were required. Outcome measures included 
surgical outcome and final electrophysiologic diagnosis. 
Results.—Unilateral, interictal temporal spikes (ITS) were 
present in 33 (82.5%) of 40 patients. Seven patients 
(17.5%) had bitemporal, independent spikes. Thirty-one 
(77.5%) of 40 patients had unilateral temporal hypometab- 


por lobectomy is an effective treatment for chron- 

ic, medically intractable temporal lobe epilepsy (TLE). 
Invasive recording techniques provide the most accurate 
localization of the epileptogenic region, but because of the 
risk of complications, it is preferable to use combinations 
of noninvasive tests. 

Interictal fludeoxyglucose F 18-positron emission to- 
mography (''FDG-PET) is a sensitive test that produces 
accurate lateralization of the epileptogenic region in TLE.’ 
The sensitivity and positive predictive value of '"*FDG-PET 
are highest in TLE.'* However, the finding of regional 
brain hypometabolism is not specific for epilepsy and 
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olism (TH). Twenty-eight (70%) patients had concordant 
TH and ITS. One year after surgery, 31 of 33 patients with 
unilateral ITS were greatly improved; two of five who had 
bitemporal ITS showed similar improvement. In 28 patients, 
unilateral TH and unilateral ITS were concordant. The 
paired result always concurred with the final neurophysio- 
logic assessment. Surgical outcome between patients with 
'8EDG-PET showing unilateral TH (26 of 30 greatly im- 
proved) and those not showing unilateral TH (six of eight 
greatly improved) was not significantly different. 

Conclusion.—In temporal lobe epilepsy not associated 
with a mass lesion, unilateral ITS are reliable lateralizing 
features and suggest a good surgical outcome. Use of 
'8FDG-PET provides corroborative lateralizing information 
but '*FDG-PET that fails to show unilateral TH does not 
preclude a good surgical outcome. 

(Arch Neurol. 1993;50:45-48) 


electroencephalographic (EEG) correlation is necessary for 
planning epilepsy surgery. 

Unilateral, interictal temporal spikes (ITS) have been 
shown to predict a favorable surgical outcome in epilep- 
tics with mesial TLE.*’” Although the combination of inter- 
ictal °FDG-PET and scalp sphenoidal ictal onsets has been 
shown to be accurate in the selection of candidates for 
temporal lobectomy, to our knowledge, the combined use 
of ITS and '*FDG-PET in lateralizing the epileptogenic re- 
gion in TLE has not been evaluated previously. 


PATIENTS AND METHODS 


We retrospectively studied 40 patients with complex partial 
seizures diagnosed as having TLE based on clinical symptoms 
and the presence of exclusively temporal interictal spikes. Pa- 
tients recruited into the study had '*FDG-PET performed between 
February 1989 and October 1990. Patients with clinical seizure 
onsets suggestive of an extratemporal focus (eg, somatosensory 
aura or visual aura) were excluded. All patients had magnetic 
resonance imaging scans and those with mass lesions were 
excluded. All patients had sufficient presurgical evaluation to ei- 
ther qualify or disqualify them from temporal lobectomy. Those 
who underwent temporal lobectomy had at least 1 year of post- 
surgical follow-up. Inclusion criteria were as follows: interictal 
'8EDG-PET performed; clinical symptoms compatible with 
TLE; exclusively temporal spikes on interictal EEG; magnetic 
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Table 1.—Distribution of Interictal Spike and 
'8FDG-PET Findings* 


'8FDG-PET: Localization 
of Hypometabolism 


be, oe ee oe oe 
Bilateral Extra- 
Unilateral Temporal temporal Normal Total 


Unilateral ITS 28 
Bilateral ITS 3 
Total 31 


*I8FDG-PET indicates fludeoxyglucose F 18—positron emission to- 
mography; ITS, interictal temporal spikes. 


Spikes 





Table 3.—Localization of Hypometabolism on FDG-PET 
and Final Electrophysiologic Localization of the 
Epileptogenic Region* 











Final Electrophysiologic Localization 









Uncertain 
Lateralization Subtotal 


PET Unilateral Independent 
Findings Temporal Bitemporal 

















Temporal 1 

Temporal plus 7 0 1 8 
Bitemporal 1 0 0 1 
Extratemporal 0 1 0 1 
Normal 7 0 0 7 
Total 1 





*!8FDG-PET indicates fludeoxyglucose F 18—positron emission 
tomography. 


resonance imaging scan does not show a mass lesion; sufficient 
EEG workup to make a definitive decision concerning epilepsy 
surgery; and follow-up for at least 1 year following temporal 
lobectomy (where applicable). 

The study population included 25 men and 15 women who 
were between 18 and 53 years old (mean, 32 years). The duration 
of seizures before evaluation ranged from 3 to 36 years (mean, 19.3 
years). 

Interictal spikes, recorded using sphenoidal and closely spaced 
scalp electrodes, were manually identified by reviewing 
2-minute samples every hour. Their fields of distribution were 
mapped according to techniques described in previous reports 
from this laboratory.’ Spikes were considered unilateral if 90% or 
greater originated from one side.°*® Each patient had video-EEG 
monitoring with scalp-sphenoidal electrodes over two periods of 
approximately 5 days each. Seizures were analyzed by the elec- 
troencephalographer and classified as “temporal,” “lateralized,” 
or “nonlateralized.” 

One patient was examined with foramen ovale and epidural 
peg electrodes. In 11 patients, orthogonally directed bitemporal 
flexible intracerebral-depth electrodes (PMT Corp, Chanhassen, 
Minn) were inserted stereotaxically into the amygdala and ante- 
rior and posterior hippocampi. Each electrode had eight contacts 
and a total of six electrodes were used per patient. Only ictal on- 
sets that were focal or regional were considered in lateralizing the 
seizure focus. 

Interictal '"FDG-PET scans were obtained at rest with eyes 
closed and ears unplugged, always prior to invasive electrode re- 
cording. A tomograph (Posicam, Positron Corporation, Houston, 
Tex) with a 256256-pixel matrix and an in-plane, full-wave, 
half-maximum resolution of 5.8 mm was used. Twenty-one over- 
lapping slices of approximately 5.1-mm thickness were obtained. 
Image acquisition took place 40 minutes following the injection of 
185 to 370 MBq of fludeoxyglucose F 18. Continuous EEG mon- 
itoring before and during the uptake phase of the '*FDG tracer 
was performed. 
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Table 2.—Distribution of Patients With Unilateral 
_Ictal Onsets vs Those With Nonlateralized or 
Bilateral Independent Ictal Onsets — 










Final Electro- 
Extracranially physiologic 
Recorded Localization of 
Ictal Onsets ictal Onsets ictal Onsets 










Unilateral temporal 
Lateralized 


Bilateral temporal 4 2 






Nonlateralized 






Table 4.—Sensitivity and Positive Predictive Value of 
Unilateral Interictal Temporal Spikes (ITS) and 
Temporal Hypometabolism (TH) in Lateralizing 

the Epileptogenic Region* 









Unilateral Unilateral Concordant 
ITS TH ITS and TH 










Lateralization 
Correct 33 29 28 
Incorrect None 2+ 


Sensitivity, %t 89.2 78.4 75.7 
100 93.5 


*Nine patients were analyzed using visual analysis'® and 31 were an- 
alyzed semiquantitatively."' 

tBased on a total of 37 patients in whom a unilateral temporal epi- 
leptogenic region was clearly identified. 

+Two patients had independent left and right temporal seizures. Their 
fludeoxyglucose F 18—positron emission tomographic scans showed 
unilateral temporal hypometabolism. One of these two patients had two 
distinct seizure types corresponding to right and left temporal ictal on- 
sets. Disabling seizures originated from the side showing temporal 
hypometabolism. 

















Positive predictive value, % 





Images were reconstructed using specific software (Positron 
Data Acquisition System, Positron Corporation) and displayed on 
a graduated color scale. At the beginning of the study, in nine 
cases, '"FDG-PET scans were interpreted by “blinded” qualitative 
visual analysis without knowledge of the EEG data. Subsequent- 
ly, in 31 patients, scans were considered abnormal if they dem- 
onstrated a relative difference in the metabolic rate of 15% or 
greater in homotopic brain regions.'’ Both sets of readings 
required asymmetry in at least two contiguous slices in two dif- 
ferent planes before a scan was considered abnormal. Results 
were classified as temporal, “temporal plus,” “bitemporal,” “ex- 
tratemporal,” or “normal.” Patients with '"FDG-PET scans show- 
ing predominantly temporal hypometabolism with a frontal or 
parietal extension were placed in the temporal plus category, but 
for the purpose of analysis, we combined the temporal and tem- 
poral plus groups together. 

Thirty-eight patients underwent temporal lobectomy. In 37 pa- 
tients, 80% or more of the seizures originated from one temporal 
lobe. One patient had independent right and left temporal ictal 
EEG onsets but still underwent surgery (see following text for 
details). Statistical analysis on surgical outcomes was performed 
using two-tailed Fisher’s Exact Test on a statistical analysis pack- 
age (SAS, SAS Institute, Cary, NC). 


RESULTS 
Interictal and Ictal EEG Findings 


Unilateral, ITS were present in 33 of 40 patients. In 32 
patients, the spikes were in an anterior temporal location.° 
One patient had anterior temporal and posterior temporal 
spikes. Seven patients had bitemporal, independent spikes 
(Table 1). Three patients (7.5%) who had independent 
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Se 








Outcome 





Seizure free 
Rare seizures (3 or fewer seizures) 4 
Frequent seizures/not improved 


*Two patients did not undergo surgery. 


bilateral ITS initially had exclusively unilateral ITS in their 
first EEG evaluation. 

Twenty-nine patients had temporal or lateralized ictal 
onsets while seven patients had nonlateralized seizures 
and four patients had bilateral independent, temporal ic- 
tal onsets based on extracranial EEG evaluation. After the 
results of invasive evaluation were available, 37 patients 
were shown to have a unilateral temporal ictal focus. Two 
had bitemporal independent seizures. In one patient 
seizures could not be lateralized even with depth electrode 
recording (Table 2). 


'85FDG-PET Findings 


Thirty-three patients demonstrated hypometabolism on 
'SEDG-PET scanning. Thirty-one patients showed unilat- 
eral temporal hypometabolism (TH). Of these 31 patients, 
23 had TH exclusively and eight had temporofrontal or 
temporoparietal hypometabolism. Although our test 
methodology principally highlights left-right asymme- 
tries, two cases showed gross bilateral, regional hypome- 
tabolism.'' Bilateral TH was seen in one patient and the 
other had bilateral parietal hypometabolism. The '*FDG- 
PET scan was normal in seven patients (Table 3). The sen- 
sitivity of '*FDG-PET alone in detecting the epileptogenic 
region in patients with TLE and a unilateral ictal focus was 
78.4% (31/37) and the positive predictive value given the 
same conditions was 93.5% (29/31) (Table 4). 


ITS and '"*FDG-PET Correlation 


Thirty-one (77.5%) of 40 patients showed unilateral TH. 
In 29 (93.5%) of these 31 patients, the side showing TH was 
in agreement with the final electrophysiologic localization 
(Table 4). 

Two of 31 patients with unilateral TH had independent 
bitemporal ictal onsets. Both patients had independent left 
and right ITS. One patient was rejected as a candidate for 
surgery. The other was shown to have disabling psycho- 
motor seizures arising from one temporal lobe (ipsilateral 
to the TH) and auras from the other. He underwent tem- 
poral lobectomy and became seizure free after an initial 
period of 7 months. 

A third patient exclusively had left temporal spikes on 
sphenoidal recording but lateralization of ictal recordings 
was unclear. With depth electrodes, 24 stereotyped auras 
were recorded from the left mesial temporal region. Four 
seizures consistently began in the same region, but the in- 
terhemispheric propagation time was only half a second. 
After accepting the possibility of a poor outcome, he un- 
derwent temporal lobectomy and has been seizure free for 
13 months. 

Unilateral TH was never found contralateral to the site 
of ictal onset in this series. Twenty-eight patients had con- 
cordant unilateral TH and ITS. Lateralization and local- 
ization was in agreement with the side of temporal lobec- 
tomy in all cases. 


Arch Neurol—Vol 50, January 1993 








Table 6.—Outcome of Patients With Unilateral 
Temporal vs Bitemporal Independent 
Interictal Spikes* 





Unilateral Bilateral 
ITS ITS 
Seizure free/rare seizures 30 2 
Frequent seizures/not improved 3 3 










*Fisher’s Exact Test: P=.02. ITS indicates interictal temporal spikes. 


Table 7.—Outcome of Patients With Unilateral 
Temporal Hypometabolism (TH) vs All Other 
'SFDG-PET Findings* 






Normal/ 
Nonlateralized 
18FDG-PET 


TH 
Seizure free/rare seizures 25 7 
Frequent seizures/not improved 4 2 
*Fisher’s Exact Test: P=.59. '"FDG-PET indicates fludeoxyglucose F 
18—positron emission tomography. 


Unilateral 





Surgical Follow-up 


Thirty-eight patients underwent temporal lobectomy 
and two patients were rejected as surgical candidates. Of 
the 38 patients who had at least 12 months of postsurgical 
follow-up, 28 (73.7%) were seizure free for 1 year. Four 
patients (10.5%) had less than three seizures in that year 
and six patients (15.8%) had not improved or showed no 
significant change in their condition (Table 5). These out- 
come statistics serve to validate the accuracy of the 
presurgical localization of the epileptogenic region. 

Patients with unilateral ITS were more likely to be sei- 
zure free or have rare seizures (30/33 or 90.9%) than the 
group with bilateral ITS (3/5 or 60%; Fisher’s Exact Test, 
P=.02; Table 6). No difference in the 1-year surgical 
outcome was noted between patients with unilateral TH 
and those without this finding (Fisher’s Exact Test, P=.59; 
Table 7). 


COMMENT 


Unilateral ITS predict a good outcome following tem- 
poral lobectomy.®’ However, the use of extracranially re- 
corded ITS for localization is subject to some caveats. 
Clinical symptoms and structural imaging should not 
suggest extratemporal epilepsy since temporal interictal 
spikes may occur in extratemporal epilepsy.'*”* 

An adequate sample of spikes should be obtained over 
time. In our series of 40 patients, three patients (7.5%) had 
exclusively unilateral ITS in one evaluation but bitempo- 
ral (two patients) or contralateral (one patient) ITS ap- 
peared in a repeated extracranial EEG evaluation. Some of 
the cases of “false lateralization” of ITS could be errors of 
sampling in that patients with bilateral independent tem- 
poral ictal foci were studied when one of the two foci was 
active. The lateralizing accuracy of unilateral ITS may be 
improved by segregating spikes recorded during sleep and 
wakefulness. Independent bitemporal spikes and falsely 
lateralizing spikes were observed in non-rapid eye move- 
ment but not in rapid eye movement sleep in a recent 
study.’ Although we did not segregate spikes according to 
sleep stage, false lateralization of spikes did not occur in 
our series. We suspect that this is a result of sampling 
spikes over an average of 11 days per patient. We were also 
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conservative with spike identification and excluded pa- 
tients with neuroimaging changes consistent with foreign 
tissue lesions. In patients with sizable structural lesions, 
ITS may be falsely lateralized.”'° In patients with tumors, 
the epileptogenic region is almost invariably lateralized to 
the same hemisphere as the structural lesion,” and pre- 
surgical evaluation is often directed at determining the ex- 
tent rather than the side of surgery. 

There is a high correlation between 'FDG-PET- 
identified local hypometabolism and the epileptogenic re- 
gion defined by depth electrode—verified ictal onsets.! 
Only three of 108 patients with temporal lobe epilepsy in 
the series of Engel et al' had a misleading region of 
hypometabolism and there was an ipsilateral structural 
disturbance in each case. 

In the presurgical examination of patients, the likelihood 
of a correct lateralization is increased if two or more tests 
provide concordant information. Although it may not be 
necessary to have congruent supporting tests if a highly re- 
liable single test exists, it is clinically prudent to do so. The 
analysis of ictal EEG provides reliable supportive informa- 
tion'*"”; however, up to 48% of extracranially recorded ictal 
onsets in TLE are not localizable, requiring the implantation 
of depth electrodes for lateralization of seizures."* 

Unilateral ITS and ipsilateral TH were present in 28 of 
the 37 patients who had a unilateral temporal ictal focus 
identified by EEG. In all 28 patients the temporal ictal fo- 
cus was correctly identified. Utilization of the test combi- 
nation could have circumvented the use of depth elec- 
trodes in four of the 11 patients who had unclear 
extracranially recorded ictal onsets. 

Although it has been recommended that 2 years consti- 
tutes an adequate duration of postsurgical follow-up 
before commenting on the usefulness of a presurgical pro- 
tocol,” recent data show that 1 year of follow-up may be 
sufficient.” The follow-up data show that there is no sta- 
tistical difference in surgical outcome between the group 
with unilateral TH compared with those without this 
finding. This finding concurs with two previous stud- 
ies. Unilateral TH in the appropriate clinical setting 
usually indicates a good surgical outcome whereas a 
'SEDG-PET that does not show unilateral TH, by itself, does 
not necessarily imply an adverse outcome. 

The selection criteria are such that a patient whose 
'SFDG-PET scan did not show unilateral TH has, a priori, a 
high probability of having unilateral TLE. The primary 
goal of '*FDG-PET in this group was not to determine if a 
patient had TLE, it was to lateralize the abnormal tempo- 
ral lobe. 

In summary, this study suggests that subject to the dis- 
cussed caveats, unilateral ITS are a highly reliable lateral- 
izing feature in patients with TLE. Unitemporal interictal 
spikes are a useful predictor of favorable surgical outcome 
and correctly predicted a good outcome in 90% of the pa- 
tients in this study. Use of '""FDG-PET showing unilateral 
TH can provide useful corroborative lateralizing informa- 
tion, especially in patients who have nonlateralized ex- 
tracranial ictal EEG recordings. 


J. W. MacIntyre, PhD, provided technical expertise in the PET 
imaging process and Raymundo Go, MD, provided assistance in image 
interpretation. John Turnbull, MS, assisted with statistical analysis. 
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[Codeine phosphate USP, 30 mg [warning: may be habit forming], butalbital USP, 50 mg [warning: may be habit 
forming]. caffeine USP. 40 mg, aspirin USP, 325 mg) 


CAUTION: Federal law prohibits dispensing without prescription 


CONTRAINDICATIONS: Fiorinal® with Codeine is contraindicated under the following conditions 

1. Hypersensitivity or intolerance to aspirin, caffeine, butalbital or codeine. 

2 Patients with a hemorrhagic diathesis (e.g, hemophilia, hypoprothrombinemia, von Willebrand's disease, the 
thrombocytopenias, thrombasthenia and other ill-defined hereditary platelet dysfunctions, severe vitamin K deficiency 
and severe liver damage.) 

3. Patients with the syndrome ot nasal polyps, angioedema and bronchospastic reactivity to aspirin or other nonsteroidal 
anti-inflammatory drugs. Anaphylactoid reactions have occurred in such patients 

4, Peptic ulcer or other serious gastrointestinal lesions 

5. Patients with porphyria. 


WARNINGS: Therapeutic doses of aspirin can cause anaphylactic shock and other severe allergic reactions. It 


-should be ascertained if the patient ıs allergic to aspirin, although a specific history of allergy may be lacking. 


Significant Pepa can result from aspirin therapy in patients with peptic ulcer or other gastrointestinal lesions, 
and in patients with bleeding disorders 

Aspirin administered pre-operatively may prolong the bleeding time 

In the presence of head injury or other intracranial lesions, the respiratory depressant effects of codeine and 
other narcotics may be markedly enhanced, as well as their capacity for elevating cerebrospinal fluid pressure 
Narcotics also produce other CNS depressant effects, such as drowsiness, that may further obscure the clinical 
course of patients with head injuries 

Codeine or other narcotics may obscure signs on which to judge the diagnosis or clinical course of patients 
with acute abdominal conditions. 

Butalbital and codeine are both habit-forming and potentially abusable. Consequently, the extended use of Fiorinal® 


_ with Codeine is not recommended. 


Results from epidemiologic studies indicate an association between aspirin and Reye Syndrome. Caution should 
be used in administering this product to children, including teenagers, with chicken pox or flu 


ONS: General: Fiorinal® with Codeine should be prescribed with caution for certain special-risk patients 
such as the elderly or debilitated, and those with severe impairment of renal or hepatic function, coagulation disorders, 
or head injuries 

Aspirin should be used with caution in patients on anticoagulant therapy and in patients with underlying hemostatic 
defects 
Precautions should be taken when administering salicylates to persons with known allergies Hypersensitivity to 


aspirin is particularly likely in patients with nasal polyps, and relatively common in those with asthma 


Information for Patients: Patients should be informed that Fiorinal® with Codeine contains aspirin and should 
not be taken by patients with an aspirin allergy 

Fiorinal® with Codeine may impair the mental and/or physical abilities required for perlormance of potentially 
es tasks Such as driving a car or operating machinery Such tasks should be avoided while taking Fiorinal 
with ine. 

Alcohol and other CNS depressants may produce an additive CNS depression when taken with Fiorinal® with 
Codeine, and should be avoided. 

Codeine and butalbital may be habit-forming. Patients should take the drug only for as long as it is prescribed, 
in the amounts prescribed, and no more frequently than prescribed 

Laboratory Tests: In patients with severe hepatic or renal disease, effects of therapy should be monitored with 
serial liver and/or renal function tests. 

Drug Interactions: The CNS effects of butalbital may be enhanced by monoamine oxidase (MAO) inhibitors 

In patients receiving concomitant corticosteroids and chronic use of aspirin, withdrawal of corticosteroids may 
result in salicylism because corticosteroids enhance renal clearance of salicylates and thew withdrawal is followed 
by return to normal rates of renal clearance 

Fiorinal® with Codeine may enhance the effects of: 
1. Oral anticoagulants, causing bleeding by inhibiting prothrombin formation in the liver and displacing anticoagulants 

from plasma protein binding sites. 
2. Oral antidiabetic agents and insulin, causing hypoglycemia by contributing an additive effect, it dosage of Fiorinal® 

with Codeine exceeds maximum recommended daily dosage. 
3. 6-mercaptopurine and methotrexate, causing bone marrow toxicity and blood dyscrasias by displacing these drugs 

from secondary binding sites, and, in the case of methotrexate, also reducing its excretion, 
4 Nig anti-inflammatory agents, increasing the risk of peptic ulceration and bleeding by contributing additive 

effects. 


5 Other narcotic analgesics, alcohol, general anesthetics, tranquilizers such as chlordiazepoxide, sedative-hypnotics, 


or other CNS depressants, causing increased CNS depression 
Fiorinal® with Codeine may diminish the effects of’ Uricosuric agents such as probenecid and sulfinpyrazone, 
reducing their effectiveness in the treatment of gout. Aspirin competes with these agents for protein binding sites 


Drug/Laboratory Test Interactions 

Aspinn: Aspirin may interfere with the following laboratory determinations in blood: serum amylase, fasting blood 
glucose, cholesterol, protein, serum ee ee transaminase (SGOT), uric acid, prothrombin time and bleeding 
time. Aspirin may interfere with the following laboratory determinations in urine: glucose, 5-nydroxyindoleacetic acid, 
Gerhardt ketone, vanillylmandelic acid (VMA), uric acid, diacetic acid, and spectrophotometnic detection of barbiturates 

Codeine: Codeine may increase serum amylase levels 

M t of Fertility: Adequate long-term studies nave been conducted in 
mice and rats with aspirin, alone or in combination with other drugs, in which no evidence of carcinogenesis was 
seen. No adequate studies have been conducted in animals to determine whether aspirin has a potential for mutagenesis 
or impairment of fertility No adequate studies nave been conducted in animals to determine whether butalbital 
has a potential for carcinogenesis, mutagenesis, or impairment of fertility 
in 


Teratogenic Effects: Pregnancy gt a C — Animal reproduction studies have not been conducted with Fiorinal® 
with Codeine. It is also not known whether Fiorinal® with Codeine can cause fetal harm when administered to 
a pregnant woman or can affect reproduction capacity Fiorinal® with Codeine should be given to a pregnant woman 
only when clearly needed. 

Nonteratogenic Effects: Although Fiorinal® with Codeine was not implicated in the birth defect, a female infant 
was born with lissencephaly, pachygyria and heterotopic gray matter The infant was born 8 weeks prematurely 
to a woman who had taken an average of 90 Fiorinal® with Codeine capsules each month from the first few days 
of pregnancy. The child's development was mildly delayed and from one year of age she had partial simple motor 
seizures. 

Withdrawal seizures were reported in a two-day-old male infant whose mother had taken a butalbital-containing 
drug during the last 2 months of pregnancy. Butalbital was found in the infant's serum. The infant was given phenobarbital 
5mq/kg, which was tapered without further seizure or other withdrawal symptoms 

Studies of aspirin use in pregnant women have not shown that aspirin increases the risk of abnormalities when 
administered during the first trimester of pregnancy In controlled studies involving 41,337 pregnant women and 


their offspring, there was no evidence that aspirin taken during pregnancy caused stillbirth, neonatal death or reduced 


birth weight. In controlied studies of 50,282 pregnant women and their offspring, aspirin administration in moderate 
and heavy doses during the first four lunar months of pregnancy showed no teratogenic effect 

Reproduction studies have been performed in rabbits and rats at doses up to 150 times the human dose and 
have revealed no evidence of impaired fertility or harm to the fetus due to codeine 

Therapeutic doses of aspirin in pregnant women close to term may cause bleeding in mother, fetus, or neonate 
During the last 6 months of pregnancy, regular use of aspirin in high doses may prolong pregnancy and delivery 

Labor and Delivery: Ingestion of aspirin prior to delivery may prolong delivery or lead to bleeding in the mother 
or neonate. Use of codeine during labor may lead to respiratory depression in the neonate 

Nursing Mothers: Aspirin, caffeine, barbiturates and codeine are excreted in breast milk in small amounts, but 
the significance of their effects on nursing infants is not known. Because of potential for serious adverse reactions 
in nursing infants from Fiorinal® with Codeine, a decision should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug to the mother. 

Pediatric Use: Safety and effectiveness in children below the age of 12 have not been established 


ADVERSE REACTIONS: Commonly Observed: The mos! commonly reported adverse events associated with the 
use of Fiorinal® with Codeine and not reported at an equivalent incidence by placebo-treated patients were nausea 
and/or abdominal pain, drowsiness, and dizziness 

with Treatment Discontinuation: Ot the 382 patients treated with Fiorinal® with Codeine in controlled 
clinical tnals, three (0.8%) discontinued treatment with Fiorinal® with Codeine because of adverse events. One patient 
each discontinued treatment for the following reasons: gastrointestinal upset; lightheadedness and heavy eyelids, 
and drowsiness and generalized tingling 
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ported by at least 1% of the Fiorinal® with Codeine treated patients in controled clinical trials comparing 

vealed pai vagi to placebo, and provides a comparison to the incidence rates reported by the placebo- 
ents. j 

- The prescriber should be aware that these figures cannot be used to predict the incidence of side effects in 

the course of usual mecical practice where patient characteristics and other factors differ from those that prevailed 

in the clinical trials. Similarly, the cited frequencies cannot be compared with figures obtained from other clinical 

investigations involving cifferent treatments, uses, and investigators. 


Adverse Events Reported by at Least 4% of Fiorinal® with Codeine Treated Patients 
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During Placebo Controlled Clinical Trials 
Incidence Rate of Adverse Events 

Body System/ Fiorinal®/Codeine Placebo 

as chaveed QTD 
Central Nervous 

Drowsiness 2.4% 0.5% 

Dizziness/Lightheadedness 26% 0.5% 

intoxicated Feeling 1.0% 0% 
Gastrointestinal 

Nausea/Abdominal Pain wd : a oe 3 7% y Fi 0.8% 

Other Adverse Events Controlled Clinical Trials: The listing that follows represents the proportion 


of the 382 patients exposed to Fiorinal® with Codeine while participating in the controlled clinical trials who reported, 
on at least one occasion, an adverse event of the type cited. All reported adverse events, except those already 
presented in the previous table, are included. It is important to emphasize that, although the adverse events reported 
did occur while the patient was receiving Fiorinal® with Codeine, the adverse events were not necessarily caused 
by Fiorinal® with Codeine 

Adverse events are classified by body system and frequency. “Frequent” is defined as an adverse event which 
occurred in at least 1/100 (1%) of the patients: all adverse events listed in the previous table are frequent. “Infrequent” 
is defined as an adverse event that occurred in less than 1/100 patients but at least 1/1000 patients. All adverse 
events tabulated below are classified as infrequent 

Central Nervous: headache, shaky feeling, tingling, agitation, fainting, fatigue, heavy eyelids, high energy, not spells, 
numbness, and sluggishness. 

Autonomic Nervous: dry mouth and hyperhidrosis 

Gastrointestinal: vomiting, difficulty swallowing, and heartburn 

Cardiovascular. tachycardia. 

Musculoskeletal: leg pain and muscle fatigue 

Genitourinary: diuresis 

Miscellaneous: pruritus, fever, earache, nasal congestion, and tinnitus. 

Voluntary reports of adverse drug events, temporally associated with Fiorinal® with Codeine, that have been received 
since market introduction and that were not reported in clinical trials by the patients treated with Fiorinal® with 
Codeine, are listed Delow Many or most of these events may have no causal relationship with the drug and are 
listed according to body system 

Central Nervous: Abuse, addiction, anxiety, depression, disorientation, hallucination, hyperactivity, insomnia, libido 
decrease, nervousness, neuropathy, psychosis, sedation, sexual activity increase, slurred speech, twitching, uncon- 
sciousness, vertigo 

Autonomic Nervous: epistaxis, flushing, miosis, salivation 

Gastrointestinal: anorexia, appetite increased, constipation, diarrhea, esophagitis, gastroenteritis, gastrointestinal 
spasm, hiccup, mouth burning, pyloric ulcer. 

Cardiovascular chest pain, hypotensive reaction, palpitations, syncope 

Skin: erythema, erythema multiforme, exfoliative dermatitis, hives, rash, toxic epidermal necrolysis. 

Urinary: kidney impairment, urinary difficulty 

Miscellaneous: allergic reaction, anaphylactic shock, cholangiocarcinoma, drug interaction with erythromycin 
(stomach upset), ecema. 

The following acverse drug events may be borne in mind as potential effects of the components of Fiorinal® 
with Codeine. Potential effects of high dosage are listed in the OVERDOSAGE section of this insert. 

Aspirin: occult blood loss, hemolytic anemia, iron deficiency anemia, gastric distress, heartburn, nausea, peptic 
ulcer, prolonged bleeding time, acute airway obstruction, renal toxicity when taken in high doses for prolonged 
periods, impaired urate excretion, hepatitis. 

Caffeine: cardiac stimulation, irritability, tremor, dependence, nephrotoxicity, hyperglycemia. 

Codeine: nausea, vomiting, drowsiness, lightheadedness, constipation, pruritus 


DRUG ABUSE AND DEPENDENCE: Fiorinal® with Codeine is controlled by the Drug Enforcement Administration 
and is classified under Schedule III. 

Codeine: Codeine can produce drug dependence of the morphine type and, therefore, has the potential for 
being abused. Psychological dependence, physical dependence, and tolerance may develop upon repeated 
administration and it should be prescribed and administered with the same degree of caution appropriate to the 
use of other oral narcotic medications. 

Butalbital: Barbiturates may be habit forming: Tolerance, hological dependence, and physical dependence 
may occur especially following prolonged use of high doses of barbiturates. The average daily dose for the barbiturate 
addict is usually about 1,500 mg. As tolerance to barbiturates develops, the amount needed to maintain the same 
level of intoxication increases; tolerance to a fatal dosage. however, does not increase more than two-fold. As this 
occurs, the margin between an intoxication dosage and fatal dosage becomes smaller. The lethal dose of a barbiturate 
is far less if alconol is also ingested. Major withdrawal symptoms (convulsions and delirium) may occur within 16 
hours and last up to 5 days after abrupt cessation of these drugs. Intensity of withdrawal symptoms gradually declines 
over a period of approximately 15 days. Treatment of barbiturate dependence consists of cautious and gradual 
withdrawal of the drug. Barbiturate-dependent patients can be withdrawn by using a number of different withdrawal 
regimens. One method involves initiating treatment at the patient's regular dosage level and gradually decreasing 
the daily dosage as tolerated by the patient. 


OVERDOSAGE: The toxic effects of acute overdosage of Fiorinal® with Codeine capsules are attributable mainly 
to the barbiturate and codeine components, and, to a lesser extent, aspirin. Because toxic effects of calfeine occur 
in very high dosages only, the possibility of significant caffeine toxicity trom Fiorinal® with Codeine overdosage 
iS unlikely. 

Signs and Symptoms: Symptoms attributable to acute barbiturate poisoning include drowsiness, contusion, and 
coma; respiratory depression; hypotension, shock. Symptoms attributable to acute aspirin poisoning include hyperpnea, 
acid-base disturbances with development of metabolic acidosis; vomiting and abdominal pain; tinnitus, hyperthermia, 
hypoprothrombinemia; restlessness; delirium, convulsions. Acute caffeine poisoning may cause insomnia, restlessness, 
tremor, and delirium. tachycardia and extrasystoles. Symptoms of acute codeine poisoning include the triad of: pinpoint 
pupils, marked depression of respiration, and loss of consciousness. Convulsions may occur. 

Treatment: The following paragraphs describe one approach to the treatment of overdose with Fiorinal® with 
Codeine. However, because strategies for the management of an overdose continually evolve, consultation with a 
regional poison control center is strongly encouraged. 

Treatment consists primarily of management of barbiturate intoxication, reversal of the effects of codeine, and 
the correction of the acid-base imbalance due to salicylism. Vomiting should be induced mechanically or with emetics 
in the conscious patient. Gastric lavage may be used if the pharyngeal and laryngeal reflexes are present and 
if less than 4 nours have elapsed since ingestion. A cuffed endotracheal tube should be inserted before gastric 
lavage of the unconscious patient and when necessary to provide assisted respiration. Diuresis, alkalinization of 
the urine, and correction of electrolyte disturbances should be accomplished through administration of intravenous 
fluids such as 1% sodium bicarbonate and 5% dextrose in water. 

Meticulous attention should be given to maintaining adequate pulmonary ventilation. Correction of hypotension 
may require the administration of levarterenol bitartrate or phenylepnrine hydrochloride by intravenous infusion. In 
severe cases of intoxication, peritoneal dialysis, hemodialysis, or exchange transfusion may be lifesaving. 
Hypoprothrombinemia should be treated with vitamin K, intravenously. 

Methemoglobinemia over 30% should be treated with methylene blue by slow intravenous administration. 

Naloxone, a narcotic antagonist, can reverse respiratory depression and coma associated with opioid overdose. 
Typically, a dose of 0.4 mg to 2 mg is oven parenterally and may be repeated if an adequate response is not 
achieved. Since the duration of action of codeine may exceed that of the an ist, the patient snould be kept 
under continued surveillance and repeated doses of the antagonist should be administered as neeced to maintain 
adequate respiration. A narcotic antagonist should not be administered in the absence of clinically significant respiratory 
or cardiovascular depression. 


Toxic and Lethal Doses: 
Butalbital: toxic dose 1.0 g (adult), lethal dose 2.0-5.0 g 
Aspirin: toxic blood level greater than 30 mg/100 mL, lethal dose 10-30 g (adult) 
Caffeine: toxic dose greater than 1.0 g; lethal dose unknown 
Codeine: letha! dose 0.5-1.0 g (adult) 
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Original Contribution 


Extrapyramidal Signs and Other Neurologic Findings 
in Clinically Diagnosed Alzheimer’s Disease 


A Community-Based Study 


H. Harris Funkenstein, MD; Marilyn S. Albert, PhD; Nancy R. Cook, PhD; Catherine G. West, MD; 
Paul A. Scherr, PhD; Marilyn J. Chown, MA; David Pilgrim, MD; Denis A. Evans, MD 


e The association between findings on the neurologic 
examination and the clinical diagnosis of Alzheimer’s 
disease was investigated among 467 individuals from a geo- 
graphically defined community population. Participants 
were selected by stratified random sampling based on their 
memory performance in a population survey of community 
residents 65 years of age and older. Each participant under- 
went a structured medical, psychiatric, neurologic, and 
neuropsychologic examination. Of the 467 persons exam- 
ined there were 134 cases of probable Alzheimer’s disease 
and 167 control subjects. Multiple logistic regression anal- 
ysis was used to estimate the degree to which the presence 
of each of several neurologic examination findings affected 
the age- and sex-adjusted relative odds of having clinically 
diagnosed Alzheimer’s disease. The most striking associa- 
tions with the diagnosis of Alzheimer’s disease were seen 
with various measures of extrapyramidal dysfunction. These 
increased relative odds were not markedly affected by ex- 
cluding from the analysis cases with severe cognitive 
impairment. The results suggest that involvement of the ex- 
trapyramidal system is a common finding in Alzheimer’s 
disease. 
(Arch Neurol. 1993;50:51-56) 


pe with Alzheimer’s disease (AD) are generally be- 
lieved to have a relatively normal neurologic exami- 
nation, except for the marked change in mental status. Re- 
cent studies have, however, reported an increased 
prevalence of abnormal neurologic findings in patients 
with AD; frontal release signs, impaired gait, and increased 
rigidity have been reported to accompany the disease and 
modify its clinical expression.'* The relationship of these 
findings to Alzheimer’s disease has, nevertheless, been 
difficult to assess because many of these neurologic signs 
have been reported in aging individuals free of AD.*"' 
Moreover, previous studies comparing the prevalence of 
abnormal neurologic findings in patients with AD with 
control subjects have been conducted in groups of indi- 
viduals drawn from either volunteers or clinic 
populations.'*' Since such groups are usually selected ac- 
cording to a number of systematic factors that might bias 
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the results, such as the patient’s desire to seek medical care 
or the interests of the investigators, it is difficult to draw 
firm conclusions regarding the increased frequency of 
neurologic changes in the general population of persons 
with AD. 

Our analysis was conducted to determine the relation- 
ship between neurologic examination findings and the 
presence or absence of a clinical diagnosis of Alzheimer’s 
disease in a stratified random sample of elderly noninsti- 
tutionalized persons living in a community-dwelling pop- 
ulation. A total of 467 elderly persons were examined as 
part of a prevalence study of cognitive impairment in the 
elderly. Each subject underwent a detailed clinical evalu- 
ation to determine the presence or absence of cognitive 
impairment and, if cognitive impairment was present, to 
determine its cause. This procedure yielded a group of AD 
cases and control subjects representative of the total pop- 
ulation from which they were drawn. A comparison 
between the prevalence of abnormal neurolgic findings in 
the two groups could then be determined. A preliminary 
report of the results has been published.'® 


SUBJECTS AND METHODS 
Subjects 


The participants in the study were residents of East Boston, 
Mass, a geographically defined, urban, working class communi- 
ty of 32 000 persons. They were 65 years of age or older at the time 
the study was begun; subjects in this age range represented ap- 
proximately 14% of the East Boston population. The community 
is primarily composed of low- and middle-income working-class 
persons, many of Italian-American descent. 

A census of the community was first carried out and all indi- 
viduals 65 years of age or older were asked to complete a ques- 
tionnaire that assessed the medical and social needs of older per- 
sons. The questionnaire was administered in conjunction with the 
National Institute on Aging Established Populatons for Epidemi- 
ologic Study of the Elderly project.” Of 4485 residents older than 
64 years, 3811 individuals (85%) participated in the interview. 

Included in the questionnaire was an assessment of cognitive 
function that contained tests of immediate and delayed memory."* 
Of the participants, 3622 had memory testing (98% of nonproxy 
respondents). The participants were stratified into three strata 
(high, intermediate, and low) on the basis of their memory test 
performance, and individuals from each stratumwere selected to 
participate in a more detailed clinical evaluation. Four-hundred 
sixty-seven persons (70.8% of the surviving eligible individuals) 
underwent this more detailed evaluation, after providing in- 
formed consent. 


Clinical Evaluation 


The clinical evaluation included neurologic and physical ex- 
amination, brief psychiatric evaluation, neuropsychologic testing, 
laboratory tests, the examination of medical records, and an 
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interview of an informant for each participant. Each clinical eval- 
uation required approximately 2.5 hours to complete. Structured 
instruments were used, and examiners were blinded to the sub- 
jects’ performance on the cognitive testing in the population 
survey. 

From the results of the clinical evaluation, each individual was 
classified according to the condition or conditions responsible for 
any cognitive impairment, with each of a series of candidate di- 
agnoses (including AD) rated as either not present, possible, or 
probable. Multiple diagnoses of conditions responsible for cogni- 
tive impairment were permitted. The degree of cognitive impair- 
ment was categorized as either absent, borderline, mild, moder- 
ate, or severe. 

The diagnostic criteria for probable AD were consistent with 
the criteria for the clinical diagnosis of probable AD developed by 
the Joint Work Group of the National Institute of Neurological 
Disorders and Stroke—Alzheimer’s Disease and Related Disorders 
Association,” as well as those for primary degenerative demen- 
tia of the Alzheimer type in the Diagnostic and Statistical Manual 
of Mental Disorders, Revised, Third Edition.” Details of this aspect 
of the study, including the sampling procedures, the content of 
the clinical evaluation, and the diagnostic classification of partic- 
ipants was previously reported in an article describing the prev- 
alence of AD.” Prevalence rates were 10.3% for persons older than 
64 years, comparable with at least two other studies in the 
literature.” 

The neurologic examination included an assessment of cranial 
nerves, tone, strength, normal spontaneous movement, abnormal 
increased movements, position and vibration sense in the feet, 
reflexes, frontal release signs, and extensor plantar responses. 
Repetitive alternating movements” and praxis (ie, well-learned 
complex motor sequences, such as brushing one’s teeth) were also 
assessed. Olfaction, responsiveness to nociceptive stimuli, and 
integrative sensory functions such as stereognosis and graphes- 
thesia were not assessed. These were omitted because of time 
constraints and/or lack of acceptability to participants. 

Each neurologic finding was coded according to degree of ab- 
normality, into either dichotomous or trichotomous categories. 
For dichotomous categorization, the finding was either absent or 
present (eg, tremor, root). For trichotomous categorization, the 
findings were generally categorized as absent, possible, or present 
(eg, gait) or as unilaterally present or bilaterally present (eg, re- 
flexes). Other alternative codes are indicated in the Table. Where 
quantification was feasible, subject performance was also catego- 
rized according to severity of impairment, eg, as mildly, moder- 
ately, or severely impaired. 


Analytic Procedures 


Multiple logistic regression procedures were used to determine 
the relationship between the neurologic findings and the clinical 
diagnosis of AD; they estimated the relative odds that each neu- 
rologic finding was associated with the diagnosis of probable AD, 
after adjusting for the effects of age and sex. In the logistic regres- 
sion models, clinically diagnosed AD was treated as a binary 
variable (eg, probable vs not present or possible). The resulting 
logistic regression coefficients are logarithms of the odds ratios 
(OR). The OR expresses the relative odds of having a clinical di- 
agnosis of probable AD in an individual who possesses the neu- 
rologic finding of interest compared with one who does not. These 
relative odds can be viewed as estimates of the relative risk for 
having clinically diagnosed AD.” Relative risks are typically 
considered statistically significant if the 95% confidence intervals 
do not include 1 (ie, when the significance interval includes 1, the 
significance level is >.05). 

Trend tests were also computed by treating each neurologic 
finding as an ordinal variable (eg, absent, decreased, and present) 
and calculating the trend in risk over the levels of each variable. 
Probability values were considered significant if they were equal 
to or greater than .05. The severity levels pertaining to each 
variable were coded into either dichotomous or trichotomous 
categories. 
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Of the 467 persons in the sample, 167 had no evidence of AD, 
166 were categorized as possible AD, and 134 had probable AD. 
For the purposes of the analyses presented herein subjects were 
grouped in a variety of ways. First persons with no evidence of 
AD and possible AD were combined and compared with subjects 
with probable AD. Then the analyses were repeated excluding 
those with severe cognitive impairment to determine the contri- 
bution of disease severity to the findings. The analyses were also 
repeated with the cases of possible AD omitted to assess the de- 
gree to which questionable cases contributed to the findings. 


RESULTS 


The results indicate that some neurologic examination 
findings are more common among cases of probable AD 
than among control subjects. The neurologic findings with 
an increased association with AD included diminished 
spontaneous movement, impaired gait, diminished arm 
swing with walking, abnormalities of tone, and increased 
frontal release signs. Alternating complex hand move- 
ments were also more frequently abnormal in persons with 
AD. The Table lists the neurologic findings examined and 
the odds of having AD (with 95% confidence intervals) for 
those with the finding compared with those without it. The 
Table also shows the results of the parallel analyses that 
excluded subjects with severe cognitive impairment. 

The most striking result of these analyses was the find- 
ing of a substantial association between the presence of 
extrapyramidal signs and the diagnosis of probable AD. 
Individuals who were rated as showing diminished spon- 
taneous movement, either of the face or of the extremities, 
but not both, exhibited a 3.1 times greater likelihood of 
having clinically diagnosed AD than people with neither 
symptom; those with both symptoms showed a 4.5 times 
greater likelihood. These ORs changed only slightly when 
those with severe cognitive impairment were excluded (3.3 
and 3.4, respectively). Diminished arm swing with walk- 
ing, another measure of spontaneous movement, also was 
associated with clinically diagnosed AD, with relative 
odds of 2.8 overall, and relative odds of 2.5 in those with- 
out severe cognitive impairment. Measures of gait abnor- 
malities were equally as strong or even more strongly as- 
sociated with probable AD. Gait was assessed by having 
the subject walk back and forth; the scoring noted pro- 
longed turning and a tendency to shuffle. Those with ei- 
ther of these gait abnormalities were twice as likely to have 
clinically diagnosed AD (OR, 2.0); individuals with both 
were almost seven times as likely (OR, 6.7). These associ- 
ations were still observed when those with severe cogni- 
tive impairment were excluded from the analysis, al- 
though the relative odds were diminished somewhat (1.7 
and 4.1, respectively). The presence of increased rigidity in 
the arms and legs also increased among those with prob- 
able AD (2.1 and 5.6, respectively). When those with cog- 
nitive impairment were omitted, the association with 
rigidity in the arms was no longer significant, but bilateral 
rigidity in the legs remained strongly associated with the 
diagnosis of AD (OR, 6.2). 

The presence of frontal release signs was also associated 
with the diagnosis of AD. A root (OR, 2.4) or snout (OR, 
3.8) reflex was associated with more than twice the risk of 
having clinically diagnosed AD. This relationship was 
equally strong when the severely impaired subjects were 
excluded (OR, 2.5 and 3.6, respectively). The relative odds 
for those with a grasp reflex were not as high. Bilateral 
grasping was associated with relative odds for AD of only 
1.9, and was no longer significant when severely impaired 
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Results of Multiple roae Regressions to Determine the Association Between the Diagnosis of Probable 
Izheimer’s Disease (AD) and Abnormal Neurologic Findings* 









Probable AD Without 


Probable AD Severe Impairment 
_) "eta ie O a ete eee. oe ee cr 
Odds Ratio Odds Ratio 













Neurologic Finding (95% Cl) (95% Cl) 





Extrapyramidal Function 


Spontaneous movement decreased 


Limb or face 3.1 (1.7-5.7) 3.3 (1.7-6.3) 

Limb and face 4.5 (2.4-8.6) | ici 3.4 (1.6-6.9) | os 
Arm swing decreased 2.8 (1.7-4.5) .0000 2.5 (1.5-4.3) 0005 
Gait impaired 

Turn or shuffle 2.0 (1.2-3.5) 1.7 (0.9-3.2) 

Turn and shuffle 6.7 (3.4-13.3) ai 4.1 (1.9-8.9) = 


Tone in arms increased 


Unilateral 2.3 (1.1-4.8) 2.2 (1.0-4.8) 

Bilateral 1.9 (1.1-3.5) mets 1.0 (0.5-2.1) 0000 
Tone in legs increased 

Unilateral 3.5 (1.6-7.8) 0000 3.7 (1.6-8.4) .0028 

Bilateral 2.9 (1.7-4.7) 2.3 (1.3-4.0) 





Rigidity in arms increased 
Unilateral 2.3 (1.0-5.6) 0118 2.4 (0.9-6.0) 


Bilateral 2.1 (1.1-4.2) i 1.4 (0.6-3.1) ial 





Rigidity in legs increased 
Unilateral 1.9 (1.1-3.2) 0049 1.5 (0.8-2.7) 
Bilateral 5.6 (2.4-12.7) 6.2 (2.6-14.4) 


1.2 (0.8-2.0) 1.3 (0.8-2.0) 






Loe) - (Le to). Et 


.0699 

















Tremor present 


Frontal Reflexes 






Snout 


Possible 3.0 (1.4-6.5) | 0003 2.5 (1.1-6.0) .0008 
Present 3.8 (1.8-7.3) i 3.6 (1.7-7.6) 
Root present 2.4 (1.5-4.0) .0003 2.5 (1.5-4.2) .0008 








Grasp present 
Unilateral 
Bilateral 


0.8-2.7) 


0.7-3.2) 1764 


1.5 ( 
0185 1.5( 












Alternating Motor Sequences 


Alternating hands 
Slow 3.2 (1.5-6.8) 
Fail 8.0 (4.0-15.9) 


2.9 (1.4-6.3) 


0000 5.7 (2.8-11.6) 


0000 











Alternating fingers 
Slow 3.4 (2.0-5.6) 3.0 (1.7-5.1) 
Fail 15.0 (2.7-82.2) KUUD 5.8 ors: | UANG 


Sequenced hand-no vocal 


Slow 1.5 (0.5-4.4) 1.4 (0.4-4.1) 

Fail 6.4 (2.6-15.6) ai 5.0 (2.1-1 ay 0008 
Sequenced hand-vocal 

Slow 2.7 (1.1-6.8) 2.5 (1.0-6.3) 

Fail 9.9 (4.4-21.9) SEO 7.5 (3.4-16.9) NON 





Cranial Nerves 













Eye excursion decreased 


ae H oro 2 maar T ou 
Pupil size unequal 0.9 (0.7-1.3) .8085 0.8 (0.4-1.8) .6625 
Pupil reaction 

horns epee | 5903 seen 4922 











Nasolabial fold unequal 1.1 (0.6-1.9) 0.8 (0.4-1.6) 


(Continued) 
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Results of Multiple Logistic 
pl hiner 


Neurologic Finding 


Strength in arms decreased 
Mild 
Severe 


Strength in legs decreased 
Mild 
Severe 


Position sense in toes decreased 


Vibration sense in toes decreased 
Unilateral 
Bilateral 


Romberg 
Sways 
Falls 


Spasticity in arms present 
Unilateral 
Bilateral 


Spasticity in legs present 
Unilateral 
Bilateral 


Facial jerk 
Present 
Increased 


Jaw jerk 
Present 
Increased 


Babinski present 
Heel taps decreased 


Reflex in arms increased 
Unilateral 
Bilateral 


Reflex in legs increased 
Unilateral 
Bilateral 


Reflex in arms increased 
Unilateral 
Bilateral 


Reflex in legs increased 
Unilateral 
Bilateral 


Rigidity/tone legs 
Unilateral 
Bilateral 


Rigidity/tone arms 
Unilateral 
Bilateral 


*C| indicates confidence interval. 


egressions to Determine the Association Between the Diagnosis of Probable 
isease (AD) and Abnormal Neurologic Findings (cont)* 


Probable AD 


Odds Ratio 
(95% Cl) 


Motor Function 


1.4 (0.7-3.1) 
2.2 Ab 


1.8 (0.9-3.4) 
1.2 (0.2-8.3) | 


Sensory Function 
1.0 (0.7-1.4) 8832 


0.7 (0.3-1.7) 


1.0 (0.4-2.4) 5333 


0.9 (0.5-1.5) 
1.8 (0.3-11.9) 


Pyramidal Tract Function 


.1449 


2.7 (0.7-9.9) 
1.9 (0.5-7.1) | 


1.0 (0.2-4.4) 
2.7 (1.2-5.0) 


1.7 (0.5-5.4) 


1.4 (0.8-2.6) 
2.7 (0.8-8.9) 


2.7 (1.5-4.7) 
2.2 (1.4-3.4) 


0.9 (0.4-2.0) | 


1.4 (0.06-3.4) 
2.4 (1.4-4.0) > 


0.4 (0.04-3.2) 
0.9 (0.5-1.9) 


0 (0.3-4.3) 
1 (0.5-2.2) 


0.4 (0.04-3.2) 
0.9 (9.5-1.9) 


1.9 (1.1-3.4) 
5.5 (1 Hea y 


2.0 (1.1-3.4) 
3.0 (1.5-6.1) 


Trend P 


Probable AD Without 
Severe Impairment 


Witte Seti N, E Y 


Odds Ratio 
(95% CI) 


1.2 (0.6-2.4) 
3.6 (0.6-22.8) 


1.7 (0.9-3.5) 
0.9 (0.08-9.4) 


1.0 (0.7-1.5) 


0.6 (0.3-1.5) 
1.0 (0.4-2.4) | 


0.6 (0.3-1.2) 
2.2 (0.4-14.3) 


3.4 (0.8-13.7) 
0.6 (0.06-5.6) | 


0 (0.2-5.3) 
1 (1.4-7.1) 


0.9 (0.4-2.2) 
1.3 (0.3-5.3) 


2.7 (0.7-10.5) 
2.6 (1.4-4.8) 
2.3 (1.4-3.7) 


1.5 (0.8-3.0) | 


4 (0.5-3.8) 
1 


1 
2.1 (1.2-3.6) 


1.2 (0.6-2.3) 


0.9 (0.2-4.7) 
0.7 (0.3-1.7) 


] 
0.6 (0.1-4.9) | 
] 


0.4 (0.05-3.7) 
0.8 (0.5-1.4) 


1.9 (1.1-3.5) 
3.0 (0.4-22.9) 


Trend P 





subjects were excluded. Unilateral grasping was not a sig- 
nificant indicator of clinically diagnosed AD. 

There were variable indications of impaired pyramidal 
tract function. Bilateral hyperreflexia in the arms (OR, 2.4) 
and bilateral spasticity in the legs (OR, 2.7) was associated 
with an increased likelihood of clinically diagnosed AD 
as was the presence of an extensor plantar response (ie, 
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Babinski) (OR, 2.7). However, increased or decreased 
reflexes in the legs, spasticity in the arms, the presence of 
a facial jerk, and the presence of a jaw jerk was unrelated 
to the diagnosis of AD. 

The association between failure on certain alternating 
sequenced motor tasks and the diagnosis of AD was, 
however, striking. For alternate hand positions (simulta- 
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neously making one fisted hand flat and the other flattened 
hand fisted), failure was associated with an 8.0 times 
greater likelihood of having clinically diagnosed AD (5.7 
for the less severely impaired); for sequenced hand posi- 
tions without vocalization (Luria’s fist-palm-side se- 
quence),” failure was associated with a 6.4 times greater 
risk of having clinically diagnosed AD (5.0 for those with- 
out severe cognitive impairment); for sequenced hand po- 
sitions with vocalization the OR was 9.9 (7.5 for those 
without severe cognitive impairment); and for alternate 
finger tapping the OR was 15.0 (5.8 for those without se- 
vere cognitive impairment). For three of the four alternat- 
ing hand positions, impairments in the quality of perfor- 
mance short of outright failure (ie, slow or dysrhythmic 
movements or both) also predicted a clinical diagnosis of 
AD, but the relative odds were less impressive. 

Outright failure on the praxis tasks was uncommon even 
in the very severely impaired, save for the task of saluting 
(data not shown). Deficits in demonstrating the motions 
involved in brushing one’s teeth or using a hammer to 
strike a nail were not significantly associated with risk of 
clinically diagnosed AD. 

It is important to emphasize that numerous neurologic 
signs were no more common among those with AD than 
among those without AD. Apart from the findings men- 
tioned above, there was no relationship between pupillary 
size equality, pupillary reflexes or lateral eye excursion, 
and the presence of AD. Similarly, alterations in neither 
strength, position sense, or vibration sense exhibited any 
relationship to clinically diagnosed AD. 

The ORs based on calculations in which those with pos- 
sible AD were omitted yielded findings that were similar 
to those seen when persons with probable AD were com- 
pared with all other participants (including those with 
possible AD). For example, decreased spontaneous move- 
ment of the limb and face was 10 times more prevalent 
among those with AD than among those without (confi- 
dence interval, 3.6 to 27.2). Loss of vibration sense showed 
no association with AD (OR, 1.0, [0.4 to 2.7]). 


COMMENT 


This study extends the findings of previous studies of 
neurologic dysfunction in AD from those limited to 
selected clinical samples to a sample drawn from a com- 
munity population. The most striking finding was the de- 
gree to which signs of extrapyramidal dysfunction was 
correlated with a diagnosis of AD. Diminished spontane- 
ous movements of the limbs or face, reduced arm swing in 
walking, and gait abnormalities were associated with a 
substantially increased probability of having clinically di- 
agnosed AD. It is noteworthy that these results were ob- 
tained when persons with severe cognitive impairment 
were excluded from the analyses and when persons with 
possible AD were omitted. 

Thus, our findings, the first in a nonselected population, 
agree with others who have noted an association between 
extrapyramidal findings and AD in clinical samples.*°* 
Since subjects with probable AD could not, by definition, 
have a diagnosis of other concurrent central nervous sys- 
tem diseases, these findings are unlikely to be explained by 
the co-occurrence of Parkinson’s disease. This is reinforced 
by the fact that the same pattern of relationships was found 
in patients with severe cognitive impairment, a group in 
whom the diagnosis of Parkinson’s disease is least likely 
to be the underlying cause of dysfunction.” Several inves- 
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tigators have, therefore, suggested the presence of an “ex- 
trapyramidal type” of AD.” Mayeux et al’ have also 
reported that individuals in this group demonstrate a more 
rapid progression of disease and an increased prevalence 
of psychiatric symptoms. Whether the presence of these 
symptoms is an extrapyramidal type of the disease or rep- 
resents one end of a spectrum of neurologic abnormality 
remains to be shown. 

The pathologic basis for the extrapyramidal disorder 
cannot be ascertained from a clinical or epidemiologic 
study. Several neuropathologic investigations report the 
occurrence of alterations in the substantia nigra of patients 
with AD.””* Others have described a Lewy body form of 
AD.” A small number of AD patients with parkinsonism 
have been reported to show no pathologic features in the 
substantia nigra,*”” suggesting the possible involvement of 
the mesocortical dopaminergic system whose cells of ori- 
gin are adjacent to the substantia nigra.* Our study and 
others suggest that subcortical pathologic changes leading 
to extrapyramidal findings on examination may represent 
an important manifestation of AD, and that the search for 
links between the two conditions at the pathologic or 
pathophysiologic level may be fruitful. 

It should be noted that the existence of subcortical 
pathologic changes in AD is not a new concept. For exam- 
ple, research demonstrating the involvement of the basal 
nucleus of Meynert supports the presence of subcortical 
changes in AD, some of which may lead to secondary cor- 
tical changes.” Our results provide further evidence 
against the utility of a simple distinction between cortical 
and subcortical dementias (eg, between AD and Parkin- 
son's disease). 

Previous studies have documented the occurrence of 
frontal release signs in patients with AD and other 
dementing conditions.'” In our study the snout reflex was 
associated with a relative risk for AD of greater than 3. The 
presence of root and grasp reflexes had lower relative odds 
(2.4 and 1.9, respectively). It should be noted that Con- 
stantinidis and Richard” suggest that senile dementia of 
the Alzheimer type may not be associated with frontal re- 
lease signs to the degree that presenile AD may be. 

Our cohort also exhibited a strong relationship between 
failure on alternating sequenced motor skills and the pres- 
ence of clinically diagnosed AD. Relative odds from 5.7 to 
15 characterized failure to learn alternating or sequenced 
hand positions, as well as failure to tap alternately on a 
counter at an acceptable speed. Recent data suggest that set 
shifting is impaired early in the course of AD® and this 
difficulty may underly the failure on these tasks (unpub- 
lished data, 1992). 

One’s confidence in the validity of these findings is 
increased by certain features of the study design. First, 
affected and unaffected individuals were randomly se- 
lected from the same defined commmunity population, 
thus assuring comparability of these groups and en- 
hancing the generalizability of the results. Second, the 
diagnostic procedures were performed uniformly by 
skilled neurologists (H.H.F., C.W., and D.P.) who were 
blinded to the sampling categories. The neurologists 
used an explicit structured protocol for both examina- 
tion and scoring of observations, thus enabling uniform 
measurement while reducing bias from any precon- 
ceived ideas of the examiners. 

In addition, the major findings were present in all sets 
of analyses, ie, those that compared the cases of probable 
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AD with all other subjects (both with and without persons 
with severe cognitive impairment included) and the same 
comparisons with the cases of possible AD excluded. The 
fact that the findings remain with the omission of those 
with severe cognitive impairment indicates that they are 
not merely secondary to the inclusion of patients in the late 
stages of disease. Likewise, the persistence of the findings 
with the omission of those with possible AD indicates that 
the inclusion of questionable cases in the comparison 
group (ie, subjects with possible AD generally had either 
very mild symptoms of cognitive decline or findings indi- 
cating that causes of cognitive impairment other than AD 
were possible) does not prevent consistent and significant 
asociations with the diagnosis of probable AD from being 
observed. It should, however, be noted that the inclusion 
of those with possible AD in the comparison group 
permitted estimates of association that were more closely 
related to the total proportion of the population of persons 
with AD than if those with possible AD had been excluded. 

Several limitations of our study should, nevertheless, be 
noted. First, findings consistent with focal neurologic dis- 
ease, such as unilateral spasticity, could not have been 
found to be associated with probable AD since the stan- 
dard criteria for the clinical diagnosis of AD exclude per- 
sons with such symptoms. Second, this article is based on 
a single cross-sectional examination. Duration of disease 
among participants, therefore, varied substantially and 
was difficult to measure with certainty. It is, therefore, not 
possible to infer the temporal direction of any observed 
association. Another limitation is that not all eligible indi- 
viduals participated in the study. Participation in the cen- 
sus and population survey was high, but dropped to 71% 
in the more detailed clinical evaluation. In a separate anal- 
ysis (unpublished data, 1992) we have examined several 
demographic, social, and medical characteristics of those 
participating in the clinical evaluation and compared them 
with those participating in the population survey but de- 
clining to participate in the clinical evaluation; in all cases 
the two groups were comparable. Finally, some aspects of 
the neurologic examination were omitted that had been 
examined in other studies. While it would have been pref- 
erable to have included all potential aspects of a detailed 
neurologic examination, constraints regarding time and 
acceptability to the community population made this 
infeasible. 

It is also important to emphasize that the abnormal neu- 
rologic findings presented herein should not be considered 
diagnostic of AD. They are clearly absent in many indi- 
viduals with AD and may occur in other conditions. The 
results suggest, however, that the presence of these neuro- 
logic findings should strengthen the presumption of AD 
when the choice lies between AD and normality. 

Despite the limitations mentioned above, the primary 
findings regarding the association between the diagnosis 
of AD and changes in the neurologic examination appear 
strong, especially those suggesting extrapyramidal dys- 
function, frontal release signs, and impairment of alternat- 
ing motor sequences. These results may suggest avenues 
for investigation concerning the pathogenesis of the dis- 
ease as well as being of use to clinicians evaluating older 
persons with cognitive impairment. 
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Original Contribution 


Reliability and Usefulness of a New Immunochemical 
Assay for Alzheimer’s Disease 


Helena Chang Chui, MD; Hossein Ghanbari, PhD; Chris Zarow; Barney Miller, PhD; Zide Qian, MS; Lynn S. Perlmutter, PhD 


e Objective.—To assess the reliability and usefulness of a 
new sandwich enzyme-linked immunoassay (ALZ-EIA) that 
detects Alzheimer’s disease—associated proteins in the di- 
agnosis of Alzheimer’s disease. 

Design.—the reliability of the assay was assessed be- 
tween two laboratories. Sensitivity and specificity of a 
diagnostic algorithm based on the results of the ALZ-EIA 
were determined using the Consortium to Establish a Reg- 
istry for Alzheimer’s Disease neuropathological diagnoses 
as the “gold standard.” 

Setting.—Autopsy cases were obtained from a teaching 
hospital with a specialized Alzheimer Disease Diagnostic 
and Treatment Center. 

Cases.—Brain tissue was selected from 24 cases with de- 
mentia and 10 normal controls. 

Main Outcome Measures.—Optical density measure- 
ments from the ALZ-EIA in the hippocampus and three neo- 
cortical regions. 

Results.—A 95% concordance in ALZ-EIA activity was 
found between the two laboratories, and an 85% concor- 
dance was found between ALZ-EIA and the Consortium to 
Establish a Registry for Alzheimer’s Disease diagnoses. Per- 
fect agreement was obtained for “typical” Alzheimer’s dis- 
ease cases (those with plaques and tangles), while discrep- 
ancies occurred for “atypical” cases (those with 
predominantly plaques or tangles). 

Conclusions.—The ALZ-EIA provides a highly reliable 
method of assessing neurofibrillary degeneration. Its clini- 
cal usefulness as a diagnostic test would be enhanced by the 
availability of a complementary assay for B-amyloid. 

(Arch Neurol. 1993;50:57-63) 


he current “gold standard” for a diagnosis of definite 
Alzheimer’s disease (AD) requires a history of de- 
mentia and confirmatory histopathologic findings.’ The 
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two classic histopathologic lesions associated with AD are 
neurofibrillary tangles and senile plaques.* However, dif- 
ferences exist in the methods used for regional sampling, 
histological staining, lesion counts, and diagnostic 
criteria.*° In the United States, the Consortium to Establish 
a Registry for Alzheimer’s Disease (CERAD)° and the Na- 
tional Institute on Aging’ have outlined protocols that em- 
phasize increased numbers of cerebral cortical senile 
plaques as the central diagnostic criterion. In the United 
Kingdom, however, tangles and plaques receive equal 
emphasis in making a diagnosis of AD.’ 

The neuropathological changes associated with AD are 
not evenly distributed but vary significantly from one re- 
gion to another.”"” Characteristic, but distinct, distribution 
patterns are observed for neurofibrillary tangles and senile 
plaques. The most tangles characteristically are found in 
allocortical, corticoid, and sensory association cortices, 
while agranular and primary sensory cortices are 
spared.” Senile plaques are more evenly distributed 
throughout the telencephalon, with the exception of the 
allocortical areas where senile plaques are notably fewer.” 

During the past decade, important advances have been 
made in isolating the chemical constituents of these histo- 
pathologic lesions. Senile plaques are composed of 
B-amyloid protein,'"'’ while proteins contained in neu- 
rofibrillary tangles include A68"* and phosphorylated 
forms of tau.” Recently, a biochemical assay (ALZ-EIA 
[enzyme-linked immunoassay]) was developed to detect 
and measure AD-associated proteins (ADAPs) that are as- 
sociated with neurofibrillary tangles.'”'* The ADAPs have 
three major subunits, including A68, that are reactive with 
the A50 monoclonal antibody. In this assay, a polyclonal 
antibody (PR1) raised against ADAP is combined with the 
monoclonal A50 antibody in a sandwich enzyme-linked 
immunoassay.” This configuration minimizes cross- 
reactivity with other proteins, such as nonphosphorylated 
tau.'? Ghanbari et al'* reported that ADAP was clearly de- 
tectable in 48 of 56 AD cases but was undetectable in 27 nor- 
mal controls as well as in 28 controls with neurological dis- 
ease. The resulting sensitivity and specificity of the ALZ- 
EIA was, therefore, 85% and 100%, respectively. 

In our study, the ALZ-EIA was used to examine samples 
from a variety of nondemented and demented cases. To 
test the limits of the assay, “atypical” as wellas “typical” 
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AD cases were purposefully chosen for study, The typical, | 
cases had abundant numbers of neocortical plaques and 
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tangles, while the atypical cases had predominantly one or 
the other lesion. In samples from the hippocampus and 
three neocortical regions, ALZ-EIA levels were analyzed 
for (1) reproducibility between laboratories (reliability); (2) 
variability between brain regions; (3) correlation with his- 
topathology; and (4) concordance between CERAD- and 
ALZ-EIA-derived diagnoses. We found the ALZ-EIA to be 
a highly reliable measure of neurofibrillary degeneration 
and to provide an objective index of regional variability. 
However, CERAD- and ALZ-EIA-derived diagnoses were 
only 85% concordant: perfect agreement was obtained for 
typical AD cases, non-AD dementias, and normal controls; 
discrepancies occurred in the atypical cases, reflecting the 
differential emphasis on neurofibrillary tangles (ALZ-EIA) 
vs senile plaques (CERAD). 


MATERIALS AND METHODS 


This study represents a collaborative effort between the Uni- 
versity of Southern California, Los Angeles, Calif, and Abbott 
Laboratories, Abbott Park, Ill. Thirty-four cases were examined by 
ALZ-EIA. A subset of these cases were analyzed for immunocy- 
tochemical staining and plaque-tangle counts. 


Tissue Samples 


Brain tissue was obtained post mortem from a variety of 
dementia cases (n=24) and nondemented controls (n=10). The 
dementia cases were specifically chosen to include examples of 
non-AD dementia as well as typical and atypical cases exhibiting 
AD pathology. The 24 dementia cases had been followed up pro- 
spectively at the Alzheimer’s Disease Diagnostic and Treatment 
Center at Rancho Los Amigos Medical Center, Downey, Calif. Of 
these 24 dementia cases, 15 had been clinically diagnosed as hav- 
ing probable AD by National Institute of Neurological and Com- 
municative Disorders and Stroke (now known as the National 
Institute of Neurological Disorders and Stroke) criteria,’ two as 
multi-infarct dementia, two as mixed AD-vascular dementia, and 
five as non-AD dementias (Table). Tissue from 10 nondemented 
controls was obtained from the Alzheimer’s Disease Research 
Consortium of Los Angeles and Orange Counties (California), 
and the National Neurologic Brain Bank at the Wadsworth Vet- 
erans Administration Medical Center, Los Angeles, Calif. 


Tissue Preparation 


At death, tissue for histopathologic study was fixed in 10% 
neutral buffered formalin for at least 2 weeks. Tissue for ALZ-EIA 
was snap frozen (in either cold isopentane or liquid nitrogen) and 
stored at —80°C. For 22 dementia cases that were prospectively 
followed up at the Alzheimer’s Disease Diagnostic and Treatment 
Center, additional tissue samples were fixed in 2% paraformal- 
dehyde, 0.2% glutaraldehyde in 0.1 mol/L phosphate buffer (pH 
7.4) for immunocytochemical studies. 


Neuropathological Diagnoses 


Board-certified neuropathologists made neuropathological di- 
agnoses based on review of formalin-fixed paraffin-embedded 
tissue from the hippocampus, three neocortical regions (tempo- 
ral, frontal, parietal), and the substantia nigra. These tissues were 
sectioned at 10 um and were stained with hematoxylin-eosin, 
cresyl fast violet, Bielschowsky’s silver method, and thioflavine S. 
Using CERAD criteria,° a diagnosis of definite AD was made in 
17 cases: of these, 10 were typical, two were atypical with neocor- 
tical plaques but with few or no tangles, and five had coexistent 
vascular lesions (Table). A diagnosis of non-AD was made in the 
remaining 17 cases: of these, three had numerous neocortical tan- 
gles but few plaques, and 14 had neither AD-associated lesion. 
The AD group tended to be older at death (AD: 78.7+8.6 years 
range, 63 to 88 years] vs non-AD: 67.2+15.2 years [range, 47 to 
85 years]); however, postmortem delays were comparable be- 
tween the two groups (AD: 7.3+4.5 hours [reference range, 2.5 to 


58 Arch Neurol—Vol 50, January 1993 


20 hours]; non-AD: 6.6+2.6 hours [reference range, 3.5 to 11.5 
hours)]). 


ALZ-EIA 


The ALZ-EIA kit (Abbott Laboratories, Abbott Park, Ill) was 
used to assay ADAP concentrations in fresh-frozen brain samples 
from the hippocampus, temporal (Brodmann’s area 22), frontal 
(area 9), and parietal (area 7) lobes. For the normal controls, some 
of these regions were unavailable (Fig 1). Independent assays 
were performed at the University of Southern California and Ab- 
bott Laboratories using adjacent samples from each brain region 
(each 50- to 150-mg wet weight). During the assay, the samples 
were identified only by code number. 

The assay was run in duplicate at each laboratory. Briefly, 
samples were homogenized in 4 vol of buffer (tromethamine hy- 
drochloride, 0.05 mol/L, at pH 6.8; ethylene glycol-bis[B- 
aminoethylether]-N,N,N’,N’-tetraacetic acid, 1 mmol/L; and so- 
dium chloride, 150 mmol/L) and then were homogenized. The 
homogenate was centrifuged at 9500g for 1 minute. Aliquots of 
the supernatant (50 uL, equivalent to 10 mg of wet tissue) were 
incubated with polystyrene beads that had been coated with the 
PR1 rabbit polyclonal IgG antibody raised against highly purified 
ADAP. Next, the bead-captured antigen was exposed to the 
monoclonal Alz-50 antibody. Finally, the beads were incubated in 
a peroxidase-conjugated antimouse IgM solution followed by the 
addition of o-phenylenediamine as substrate. The reaction prod- 
uct was spectrophotometrically measured at 49.2 nm. The optical 
density (OD) of the labeled solution has previously been shown 
to be proportional to the amount of ADAP protein” but has not 
been found to be a quantitative measure.” The ALZ-EIA concen- 
tration was calculated as the sample absorbance (optical density 
units averaged between the two duplicate samples) minus back- 
ground absorbance. 

Performance of the kit reagents, individually and collectively, 
had been tested at various stages of manufacturing against well- 
characterized brain preparations. Several technical controls were 
run concurrently with the case samples: (1) positive control (anti- 
idiotype-based surrogate); (2) negative control (homogenate 
from normal brain); and (3) background (buffer without brain 
homogenate). In all assays run, the three technical controls met 
the requirements specified in the kit: for positive controls, ALZ- 
EIA levels of 0.2 or greater; for the two negative controls, ALZ- 
EIA levels of less than 0.05 OD units. 


Immunocytochemistry 


In addition, tissue from 22 of the 24 dementia cases was immu- 
nocytochemically labeled with the Alz-50 monoclonal antibody 
used in the ALZ-EIA. This antibody has previously been shown 
to label neurofibrillary tangles, plaque-associated neurites, and 
neuropil threads.'* Tissue was sectioned using a vibratome (Ted 
Pella, Inc, Redding, Calif) (50 zm), and it was preincubated first 
in 1% hydrogen peroxide and then in 10% normal goat serum be- 
fore being placed in Alz-50 (1:280) primary antibody for 60 hours 
at 4°C. The avidin-biotin-peroxidase immunolabeling method 
(Vectastain, Vector Laboratories, Burlingame, Calif), with the 
mouse secondary antibody and diaminobenzidine chromagen 
(Sigma Chemical Co, St Louis, Mo) was used. The primary anti- 
body was omitted from adjacent sections as an immunocytochem- 
ical control. Each slide was counterstained with thioflavine S, a 
fluorescent marker for amyloid. Immunolabeled-thioflavine 
S—stained sections were analyzed qualitatively at the light micro- 
scopic level for the presence of neurofibrillary tangles and senile 
plaques. 


Quantitative Histopathology 


For a subset of the dementia cases (n=20), plaques and tangles 
were counted on Bielschowsky’s-stained silver sections (X200 
magnification). Lesions were counted throughout the subiculum 
and in a single cortical column from each of three neocortical 
areas. Senile plaques were defined as silver-positive, circular lesions. 
Only plaques containing internal structure, such as neurites or 
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Case No./ 
Age, y/Sex 


Summary of Clinical and Pathological Findings* 










CERAD Dx 
“Typical” AD 


Silver-Stain 


Neuropathology 





Alz-50 






ALZ-EIA Dx 





1/63/F 5.7 AD AD P and T P and T AD 
2/64/M 11.2 AD AD P and T P and T AD 
3/68/M 13.0 AD AD P and T P and T AD 
4/75/F 13.0 AD AD P and T P and T AD 
5/77/M 4.0 AD AD P and T P and T AD 
6/7 3/F 7 .O AD AD P and T P and T AD 
7/78/F 6.0 AD AD P and T P and T AD 
8/82/F 3.5 AD AD P and T P and T AD 
9/84/F 5.5 AD AD P and T P and T AD 


10/8&/M 






Mixed Dementia: “Typical” AD and Ischemic Lesions 






11/71/M 20.0 AD/stroke AD only P and T P and T AD 
12/82/M 4.0 MID MID/AD P and T PandT AD 
13/83/F 5.5 MID AD/lac P and T P and T AD 
14/88/F 4.5 AD AD/MID P and T P and T AD 


15/90/F 









MID/AD 






MID/AD 


“Atypical” Dementias (Predominantly Plaques or Tangles) 


P and T 


16/76/M 4.5 AD AD P>T No P or T Non-AD 
17/91/F 6.5 Non-AD MIDYAD P only Non-AD 
18/76/M 4.5 AD Unknownt T=>P T>>P AD 
19/83/M 115 AD CAA/MID# T>>P T>>P AD 


20/85/F 









AD 








Tangle§ 


Non-AD Dementias 





Tt>>P 


T>>P 


AD 





21/47/M 4.0 Pick’s disease Pick’s disease None None Non-AD 
22/60/F 9.5 Progressive apraxia CBD None None Non-AD 
23/70/F 3.5 Non-AD MID None None Non-AD 


24/79/F 










PSP 





PSP 


Nondemented Neurological Patients 





25/58/F 9.0 Strokes Infarcts None Non-AD 
26/69/M 5.0 PD PD None None Non-AD 
27/85/F Bulbar palsy BSE 








28/38/M 





Aortic aneurysm 





Normal Controls 


Normal 










29/45/M 5.5 MI Norma! None Non-AD 
30/51/F 4.0 Cardiomyopathy Normal None Non-AD 
31/64/M 9.0 Colon cancer Normal None Non-AD 
32/72/M 8.5 Prostate cancer Normal None Non-AD 
33/74/M 8.5 Lung cancer Normal None Non-AD 


34/86/M 








Colon cancer 





Normal 








*PMD indicates postmortem delay; Clin dx, clinical diagnosis using National Institute of Neurological and Communicative Disorders and Stroke- 
Alzheimer’s Disease and Related Disorders Association criteria; CERAD dx, neuropathological diagnosis using Consortium to Establish a Registry 
for Alzheimer’s Disease criteria; ALZ-EIA Dx, ALZ—enzyme-linked immunoassay diagnosis using experimental algorithm; P and T, plaques and tan- 
gles; AD, Alzheimer’s disease; MID, multi-infarct dementia; lac, lacunes in basal ganglia; CAA, cerebral amyloid angiopathy; CBD, corticobasal gan- 
glionic degeneration; PSP, progressive supranuclear palsy; PD, Parkinson’s disease; BSE, old brain stem encephalitis; and MI, myocardial infarction. 

tA few tangles, edema in white matter. 

+Tangles with few plaques, amyloid angiopathy, microinfarcts. 

§Tangles with few plaques, microinfarcts, spongiform change in white matter. 
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Fig 1.—Regional ALZ-EIA (enzyme-linked immunoassay) activity obtained for 34 cases at two laboratories (A, University of Southern California, Los 
Angeles; B, Abbott Laboratories, Abbott Park, III). The ordinate shows the optical density (OD) of the sample minus background absorbance mea- 
sured at 49.2 nm. (The linear range of the assay is from 0.05 to 0.50 OD.'”) The abscissa shows the regions assayed for each case. Not all four regions 
were available for all cases. Experimental diagnosis of Alzheimer’s disease (AD) was assigned when ALZ-EIA for any one neocortical region (exclud- 
ing hippocampus [Hip]) exceeded 0.1 OD units. Neuropath indicates neuropathological findings; P, plaques; T, tangles; and CERAD, Consortium 
to Establish a Registry for Alzheimer’s Disease findings. 
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cores (ie, not diffuse plaques), were counted. Neurofibrillary tan- 
gles were defined as silver-positive, fibrillar-shaped profiles con- 
tained within neuronal perikarya. 


Statistical Analyses 


In previous studies,” elevations of ALZ-EIA levels greater 
than 0.1 OD units were empirically found to distinguish most 
neuropathologically diagnosed AD from non-AD cases. Most 
non-AD cases had ALZ-EIA values of less than 0.05 OD units, 
while overlapping values were found for AD and non-AD cases 
in the 0.05- to 0.1-OD unit range (ie, gray zone). These same em- 
pirically derived cutoffs were used in this study to assess 
individual regional assays and to derive an experimental diagno- 
sis of AD. The ALZ-EIA-derived diagnoses of AD were deter- 
mined using a two-step algorithm. Analogous to the CERAD 
protocol,’ the neocortical region containing the maximal ALZ-EIA 
level (AlZmax) was chosen; the hippocampus was explicitly ex- 
cluded. Next, an experimental diagnosis of AD was made if 
AlZmax Was 0.1 OD units or greater. 

Interlaboratory reliability of ALZ-ElA-derived dichotomous 
classifications (greater than or less than 0.1 OD units) was exam- 
ined using the x statistic. The k scores greater than .70 indicate 
good agreement. This statistic was applied to ALZ-EIA categori- 
zations for individual brain regions as well as for experimental 
diagnoses. 

To calculate sensitivity and specificity rates for ALZ-EIA- 
derived diagnoses, the CERAD neuropathological diagnosis was 
used as the gold standard. Sensitivity (true-positive rate) was de- 
fined as the number of cases diagnosed as AD by the ALZ-EIA 
and CERAD criteria (true-positive cases) divided by the total 
number of cases diagnosed as AD by the CERAD criteria (true- 
positive and false-negative cases); specificity (true-negative rate) 
was defined as the number of cases diagnosed as non-AD by both 
the ALZ-EIA and CERAD criteria (true-negative cases) divided 
by the total number of cases diagnosed as non-AD by the CERAD 
criteria (true-negative and false-positive cases). 

To assess the relationship between ALZ-EIA and the classic 
histopathologic lesions of AD, Pearson’s Product-Moment Cor- 
relation coefficients were used. In a subset of 20 dementia cases, 
ALZ-EIA levels in each of the four brain regions were correlated 
with numbers of silver-stained plaques and tangles counted in the 
contralateral hemisphere. 


RESULTS 


The ALZ-EIA levels are shown for all available brain re- 
gions of the 34 cases (total=115 regions assayed at each site) 
(Fig 1). Duplicate assays performed within the laboratory 
were virtually identical; slightly higher optical density 
levels were generally measured at Abbott compared with 
the University of Southern California. There was, how- 
ever, good agreement in classifying assays with optical 
densities of 0.1 or greater. Concordance was found in 108 
of the 115 regional comparisons (k=.88; 95% confidence 
interval, .78 to .97). In five of the 115 regions assayed, the 
Abbott value was greater than 0.1 OD units, while the 
University of Southern California value fell between 0.05 
and 0.1 OD units. In one region, the University of South- 
ern California value was greater than 0.1 OD units, while 
the Abbott value was between 0.05 and 0.1 OD units. There 
was only one comparison in which the value at one labo- 
ratory was greater than 0.1 OD units and at the other was 
less than 0.05 OD units. 

Regional variability in ALZ-EIA levels was similar at the 
two laboratories for all cases studied (Fig 1). For the AD 
cases, ALZ-EIA levels greater than 0.1 OD units were usu- 
ally found in all brain regions examined. In a subset of AD 
cases (ie, cases 4, 10, 12, and 15), ALZ-EIA levels were el- 
evated in the hippocampus and in only a few neocortical 
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Fig 2.—Neurofibrillary tangles (open arrow), plaque-associated neurites 
(arrow) and neuropil threads immunolabeled with the Alz-50 mono- 
clonal antibody and the avidin-biotin-peroxidase immunolabeling 
method (Vecastain, Vector Laboratories, Burlingame, Calif) (x 200). In- 
set, A portion of the same field viewed under epifluorescence is shown. 
Thioflavine S—positive amyloid cores were not labeled by the Alz-50 
antibody. 


regions. In two AD cases (cases 16 and 17), ALZ-EIA lev- 
els were elevated in the hippocampus, but not in any of the 
neocortical regions. In three of the seven non-AD demen- 
tia cases (cases 18 through 20), ALZ-EIA levels were also 
elevated in almost all of the brain regions, while in the 
other four cases, the ALZ-EIA levels were all less than 
0.1 OD units. Finally, ALZ-EIA levels were not elevated in 
any neocortical region for the 10 normal controls, although 
one hippocampus (case 27) from this subsample exhibited 
an ALZ-EIA level greater than 0.1 OD units. 

Immunocytochemical studies using the Alz-50 mono- 
clonal antibody showed labeling of neurofibrillary tangles, 
neuropil threads, and plaque-associated neurites, but not 
thioflavine-positive amyloid (Fig 2). For each case, the 
presence or absence of plaques and tangles in the superior 
temporal lobe (area 22) are recorded in the Table. All cases 
with elevated ALZ-EIA levels also exhibited numerous 
Alz-50-positive neurofibrillary tangles. 

Correlations between ALZ-EIA levels and the numbers 
of silver-stained tangles and plaques were examined in the 
four brain regions. The ALZ-EIA/tangle correlations were 
high in the hippocampus (r=.64, P<.01), superior tempo- 
ral (r=.72, P<.001), and middle frontal gyri (r=.73, P<.001). 
In the superior parietal lobule, however, ADAP levels were 
poorly correlated with tangles (r=.43, P was not significant 
[NS]). The ALZ-EIA/plaque correlations were low in the 
former three regions (r=.25, .50, .36, P=NS, respectively) 
but were high in the superior parietal region (r=.69, P<.01). 

Using an algorithm that examines ALZ-EIA levels in 
each of the three neocortical regions (excluding the hip- 
pocampus), an experimental diagnosis of AD was assigned 
in 18 cases, and a diagnosis of non-AD was made in 16 
(Table). Perfect concordance (100%) was found between 
the experimental diagnoses derived at the two laboratories 
(k=1.0). 

Using the CERAD neuropathological diagnosis as the 
gold standard, the ALZ-EIA was 88.2% sensitive and 82.4% 
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specific for a diagnosis of AD (ie, 15 of 17 true-positive 
cases; 14 of 17 true-negative cases) (Fig 1). The two false- 
negative cases had neocortical plaques but had few (case 
16) or no (case 17) tangles; while the three false-positive 
cases (cases 18 through 20) had neocortical tangles and a 
few plaques. (Numerous cortical Lewy bodies were found 
in case 17 using immunocytochemical staining with an 
antibody against ubiquitin.) All cases diagnosed as AD by 
ALZ-EIA had numerous Alz-50-positive neocortical tan- 
gles, while those diagnosed as non-AD did not (Table). 
Thus, although five discrepancies occurred between 
CERAD and ALZ-EIA diagnoses, correspondence was ex- 
cellent between elevated ALZ-EIA levels and the presence 
of neurofibrillary tangles visualized with either 
Bielschowsky’s silver stain or Alz-50 immunohisto- 


chemistry. 


COMMENT 


The ALZ-EIA technique produces highly reproducible 
results, with the comparison between laboratories yielding 
a highly significant k score. Agreement in dichotomous 
classification was found for 108 of the 115 regions assayed 
at the two laboratories. In six of the seven discordant com- 
parisons, the values were positive at one laboratory and 
fell within the gray zone at the other. Thus, in only one 
comparison the values were clearly positive in one labora- 
tory and negative in the other. Several factors could explain 
these differences. First, adjacent pieces of brain tissue, 
rather than portions of a pooled homogenate, were assayed 
at the two laboratories. Thus, the severity of pathology 
may have differed in the tissue samples. Second, differ- 
ences in reagent batches, antigen extraction, water quality, 
or room temperature were not controlled. Thus, while 
highly reliable, the ALZ-EIA should not be considered a 
strictly quantitative assay. 

In our study, we selected brain regions that are highly 
susceptible to AD pathology, ie, hippocampus and several 
multimodal association areas.” As expected, ALZ-EIA 
levels were elevated in all brain regions studied for most 
AD cases. However, there was significant within-subject 
regional variability for a subset of cases. Low levels of 
ADAP in certain neocortical regions could not be readily 
explained by differences in age or duration of illness. For 
these individuals, similar regional variability was also ob- 
served histopathologically. These findings suggest that 
there may be individual differences in regional vulnera- 
bility for which the ALZ-EIA may provide a useful index. 
Brain-behavior relationships, as well as the significance of 
basic neurochemical and molecular correlations, may be 
clarified by the availability of such data. 

Immunocytochemical analyses showed the presence of 
numerous Alz-50-labeled neurofibrillary tangles, neuropil 
threads, and plaque-associated neurites in cases with ele- 
vated ADAP levels. Quantitative histopathologic studies 
revealed significant correlations between ALZ-EIA levels 
and silver-stained tangles in hippocampus, superior tem- 
poral, and middle frontal gyri. In the superior parietal lob- 
ule, however, ADAP levels were poorly correlated with 
tangles. This was the only region examined in which sig- 
nificant correlations were found between ADAP levels and 
silver-stained plaques. The superior parietal lobule typi- 
cally develops fewer neurofibrillary tangles than the other 
three regions but develops similar numbers of plaques.” 
Thus, elevated ALZ-EIA levels in this region may be more 
reflective of ADAP-containing plaque-associated neurites, 
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whereas tangles may be the predominant contributor in 
the other three brain regions. 

In the current study, an experimental diagnosis of AD 
was assigned when the ALZ-EIA level in one neocortical 
region was greater than the empirically derived cutoff 
(0.1 OD units). The exclusion of the hippocampus in the 
diagnostic algorithm is consistent with both CERAD 
guidelines‘ and the recognition that this region may exhibit 
neurofibrillary degeneration in elderly individuals with 
normal mental status (Fig 1).*’*? While analyses of inter- 
laboratory reliability revealed seven discrepancies in indi- 
vidual regional comparisons, agreement was perfect in the 
assignment of experimental diagnoses. As the effects of 
regional variability are minimized by examination across 
several brain regions, the algorithm used in this study 
maximizes reliability between experimental diagnoses. 

Using CERAD criteria as the gold standard, the ALZ- 
EIA was 88% sensitive and 82% specific for a diagnosis of 
AD. These figures are similar to those previously reported 
by Ghanbariet al.’® Overall, concordance was 85% between 
ALZ-EIA- and CERAD-derived diagnoses. While CERAD 
criteria depend on elevated senile plaque counts, the 
ALZ-EIA algorithm is based on the detection of proteins 
found in greater quantities in tangles than plaques. Perfect 
agreement was obtained for all typical AD cases, ie, those 
with abundant plaques and tangles. Discrepancies oc- 
curred in those atypical cases in which one or the other le- 
sion predominated: those with greater numbers of plaques 
were classified as AD by CERAD, while those with 
greater tangle counts were so classified by ALZ-EIA. 

While the presence of plaques without tangles has been 
considered sufficient for the diagnosis of AD,°”” plaques 
may also be associated with normal aging,“ parkinsonism- 
dementia complex,” and diffuse Lewy body disease.” In 
fact, cortical Lewy bodies and diffuse senile plaques, but 
no tangles, were found in one of the cases in this study. 
Similarly, tangles may be associated with normal aging, 
postencephalitic parkinsonism, and the parkinsonism- 
dementia complex of Guam.” Thus, neither lesion is 
pathognomic for AD; a classification that incorporates 
measures of both lesions might better characterize neuro- 
pathological heterogeneity. The diagnostic usefulness of 
the ALZ-EIA would thus be enhanced by the availability 
of a complementary assay for B-amyloid. 
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Predictive Value of Magnetic Resonance Imaging 
in Temporal Lobe Epilepsy Surgery 


Ruben Kuzniecky, MD; Sheila Burgard, MS; Edward Faught, MD; Richard Morawetz, MD; Alfred Bartolucci, PhD 


e The predictive value of magnetic resonance imaging 
(MRI) was assessed by a prospective study of 34 patients se- 
lected for surgical treatment of temporal lobe epilepsy. The 
MRIs were interpreted using standardized visual diagnostic 
criteria and the imaging findings were correlated with the 
surgical outcome. Lateralized MRI abnormalities were 
found in 25 (74%) of 34 patients. Significant associations 
were found between either the presence of a restricted 
foreign-tissue lesion or hippocampal atrophy and an excel- 
lent surgical outcome. An abnormal MRI had an 82% pre- 
dictive value and a normal MRI had a 56% predictive value 
for surgical success. A history of febrile convulsions and the 
presence of hippocampal atrophy best predicted outcome 
(predictive value, 86%). These results suggest that specific 
MRI findings in candidates for temporal lobe epilepsy sur- 
gery are predictive of surgical outcome. The information 
provided by MRI may be of value for counseling patients 
prior to surgical intervention. 
(Arch Neurol. 1993;50:65-69) 


i aires lobe epilepsy (TLE) is the most common type 
of partial seizure disorder among patients referred to 
surgery for medically intractable epilepsy.'* Clinically, it 
would be useful if surgical success could be predicted be- 
fore surgical intervention. The majority of patients with 
intractable TLE have pathologic abnormalities such as 
mesial temporal sclerosis (MTS), focal dysplasias, or small 
tumors.*° The presence of these abnormalities appears to 
correlate with good surgical results,” and, therefore, the 
preoperative identification of these lesions may be partic- 
ularly important in predicting surgical outcome. 

We have established that by using magnetic resonance 
imaging (MRI) in patients with TLE, we can demonstrate 
structural lesions and MTS in the majority of surgical can- 
didates.’ Furthermore, using qualitative visual analysis 
techniques, we and others®”’ have established a high degree 
of correlation among MRI findings, pathology, and the 
electroencephalographic (EEG) focus. However, the value 
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of qualitative interpreted MRI for predicting surgical out- 
come remains unknown. We undertook this prospective 
study to determine if preoperative abnormalities detected 
by MRI are prognostic indicators for surgical outcome fol- 
lowing TLE surgery. 


PATIENTS AND METHODS 


We prospectively studied 34 patients with medically intracta- 
ble complex partial seizures of temporal lobe origin who were re- 
ferred to the University of Alabama Epilepsy Center, Birming- 
ham, for temporal lobectomy. The group was derived from a 
consecutive sample of 50 patients, 16 of whom were excluded 
from this study due to technically inadequate preoperative MRI 
studies (n=4), had undergone previous cranial surgery (n=3), did 
not have adequate follow-up (n=3), had an anaplastic astrocyto- 
ma on pathologic examination (n=4), or had evidence of residual 
lesion on postoperative MRI (n=2). The epileptogenic temporal 
lobe was identified by interictal scalp EEG and prolonged EEG 
video monitoring with sphenoidal electrodes, neuropsychologic 
studies including amytal testing, and computed tomographic 
studies. In 17 patients, intracranial EEG studies (epidural, 13; fo- 
ramen ovale, four) were used to confirm the location of the epi- 
leptogenic focus. 

The study population had a mean age of 28 years, with a range 
of 7 to 38 years. There were 20 females and 14 males. Patients had 
documented intractable temporal lobe seizures of at least 2 years’ 
duration. A detailed history was obtained and in particular an 
antecedent of prolonged febrile convulsions (>20 minutes) in 
early childhood was sought. Prolonged febrile convulsions are 
associated with MTS and good surgical results and thus, are an 
optimal model for comparison of predictors of surgical outcome. 


MRI Studies 


Magnetic resonance imaging studies were performed using 
two different units, a General Electric Signa (Milwaukee, Wis) and 
a Siemens Magneton (Erlangen, Germany) operating at a field 
strength of 1.5 T. The following images were obtained: axial and 
sagittal images, 5-mm thick, 2.5-mm gap, with echo times (TE) of 
22 to 90 milliseconds and repetition times (TR) of 2000 to 2500 
milliseconds were used; coronal T;-weighted images (3-mm 
thickness, 0.5-mm gap, TR, 500 to 675 milliseconds; TE, 10 to 20 
milliseconds) (FOV, 22; matrix, 256192) in a plane perpendicu- 
lar to the long axis of the hippocampus; T,-weighted images in the 
same plane were also obtained (TR, 2500; TE, 20 to 90 millisec- 
onds, 5-mm thickness, gap, 2.5 mm). Head rotation was deter- 
mined by assessing symmetry of the internal auditory canal. If 
rotated, the MRI study was repeated to obtain nonrotated imag- 
es. Gadolinium-diethylenetriamine-pentaacetic acid enhanced 
MRIs were performed in six patients with foreign tissue lesions. 
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Magnetic resonance imaging; coronal images through the temporal 
lobes. Left, T;-weighted sequence demonstrating the presence of three 
criteria on the left temporal lobe. Note temporal lobe atrophy, temporal 
horn enlargement, and hippocampal atrophy. Right, T,-weighted se- 
quence in another patient with left temporal lobe epilepsy demonstrat- 
ing abnormal high-intensity signal from the atrophic hippocampus 
(arrows). 


Surgical Technique 


All surgical resections were performed by the same neurosur- 
geon (R.M.) using the subpial aspiration technique. The resection 
included a standard, en bloc neocorticectomy, sparing the supe- 
rior temporal gyrus. The medial temporal structures including the 
uncus, amygdala, and the anterior third of the hippocampus were 
removed by aspiration. This technique has been reported in de- 
tail previously.” Patients with foreign-tissue lesions underwent 
surgery without preoperative intracranial EEG studies. In these 
patients, the surgical procedure was designed to remove the le- 
sion and associated epileptogenic region. Postoperative MRIs 
were reviewed in these patients and if the MRI revealed evidence 
of residual lesion the patient was excluded from the study. Spec- 
imens were fixed in a buffered aldehyde, embedded in paraffin, 
and stained for histologic classification. Patients with anaplastic 
tumors were excluded from this study. 


Analysis of MRIs 


The MRI studies were interpreted by one of us (R.K.) before the 
presurgical EEG evaluation and without knowledge of the clin- 
ical history. The MRIs were analyzed according to diagnostic cri- 
teria validated previously.®” First a decision was made regarding 
the presence or absence of a foreign-tissue lesion, such as a tumor 
or vascular malformation. Then, using the following criteria, the 
second decision evaluated (1) anterior temporal lobe atrophy; 
(2) temporal horn enlargement; (3) hippocampal atrophy; and 
(4) increased T>-weighted signal confined to the hippocampus 
(Figure). Anterior temporal lobe atrophy was determined by a 
reduction in size of the whole temporal lobe when compared with 
the opposite side. This was best appreciated in the coronal imag- 
es and characterized by a reduction in vertical and horizontal 
cross-sectional diameters. Temporal horn enlargement was de- 
termined by comparing both temporal horns for asymmetries in 
the coronal images. Hippocampal atrophy was established pri- 
marily by comparing the cross- sectional circumference of the 
hippocampus on each side and secondarily by evaluating the 
shape of the hippocampus. Determination of this criterion was 
based on the hippocampal asymmetry observed in coronal imag- 
es starting anteriorly at the level of the basal cistern and extend- 
ing posteriorly to the callosal splenium. We also attempted to de- 
termine the distribution of hippocampal atrophy by analyzing the 
extent and location of atrophy through the hippocampal forma- 
tion. Evaluation of the hippocampal shape was carried out at each 
coronal section. The normal hippocampal body has an oval shape 
that is replaced by a flat-like structure in MTS.°"' Last, we made 
a determination of the occurrence of high-intensity signal from 
the atrophic hippocampus on T>-weighted images. 

The presence or absence of individual criteria was recorded for 
each MRI study. In addition, the number of criteria present in each 
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MRI study was recorded independently. Finally, the interpreta- 
tions were coded into three groups: (1) normal, (2) abnormal right 
temporal, and (3) abnormal left temporal. 


Surgical Outcome 

Those patients with no complex partial seizures, with or with- 
out persistent auras, were regarded as constituting group 1 with 
respect to outcome. We also included in group 1 patients who had 
rare seizures (less than three per year). Those with a reduction in 
seizure frequency of 50% to 80% compared with preoperative 
status were classified as group 2 and those with less than 50% re- 
duction in seizure frequency were regarded as having poor out- 
come and classified as group 3. Follow-up ranged from 12 to 30 
months, with a mean of 22 months. 


Statistics 


x’ Test of independence was used to test for associations 
between MRI findings and outcome. The predictive value of the 
MRI criteria for outcome was calculated using a logistic regres- 
sion analysis. In addition, the presence or absence of early febrile 
convulsions in childhood was introduced into the analysis. Indi- 
vidual MRI criteria and surgical outcome were tested for associ- 
ation with a history of febrile convulsions. We conducted a logis- 
tic regression analysis to determine the best predictors of surgical 
outcome using MRI criteria and febrile seizure history as inde- 
pendent measures. All analyses were performed using a statisti- 
cal software package (SAS Institute Inc, Cary, NC). 


RESULTS 
MRI Findings 


Magnetic resonance imaging demonstrated abnormali- 
ties in 25 (74%) of 34 patients at interpretation; of those 25 
patients with demonstrated abnormalities, five had 
foreign-tissue lesions in one temporal lobe. The lesions 
were restricted within the temporal lobes and did not 
enhance with the administration of gadolinium- 
diethylenetriamine-pentaacetic acid. In three of these pa- 
tients the foreign-tissue lesions were located in or adjacent 
to mesial structures. In the remaining two patients, the le- 
sions were located in the anterior temporal neocortex with 
one involving both cortex and white matter. Postresection 
MRI revealed no residual lesions. In this group, no other 
MRI diagnostic criteria were present on interpretation. 
Pathologic examination of the resected tissue revealed 
ganglioglioma in four patients and hamartoma in one. 

Excluding the five patients with foreign-tissue lesions, 
20 (69%) of the 29 patients had abnormal MRIs. Hippo- 
campal atrophy and anterior temporal lobe atrophy were 
the most frequent abnormality, being present in 52% of 
MRIs. We found that hippocampal atrophy was primarily 
resolved by comparing the cross-sectional circumference 
of the hippocampus on each side. In addition, in some pa- 
tients the abnormal hippocampus had a flat-like shape in 
contrast to the normal oval shape. Since the side of seizure 
origin always correlated with hippocampal atrophy and 
the abnormally shaped hippocampus, we believe that tl is 
criterion is valid and unlikely to generate false lateraliza- 
tion. This has been confirmed in previous studies.°**"' 

An abnormal T,-weighted signal was present in 45% of 
MRIs. Nine (45%) MRIs had three criteria present, five 
(25%) had four criteria present, and one (5%) had two cri- 
teria present on interpretation. The prevalence of each cri- 
terion is listed in Table 1. 
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Table 1.—Prevalence of Magnetic Resonance Imaging 
| Diagnostic Criteria* 











Present Absent Percent 








Anterior temporal atrophy 
Temporal horn enlargement Fi 18 38 
Hippocampal atrophy 15 14 52 
Abnormal T,-weighted signal 
*N=29. 


MRI and EEG Lateralization 


A lateralized MRI abnormality was found in 25 (74%) of 
34 patients. The MRI abnormalities agreed with the EEG 
focus and the side of lobectomy in all of these cases. In 15 
(60%) of 25 patients, the epileptogenic focus was in the left 
and in 10 (40%), it was in the right temporal lobe. Among 
those patients with normal MRIs, the epileptogenic focus 
was lateralized by EEG to the left temporal lobe in five and 
to the right in four. 


Febrile Convulsions 


A clear history of early childhood febrile convulsions 
was present in 13 patients (38%). This information was ac- 
quired from previous medical records. None of the pa- 
tients with foreign-tissue lesions or normal MRIs had a 
history of early febrile convulsions. A significant correla- 
tion was found between a positive history of febrile 
seizures and hippocampal atrophy (P<.001). Significant 
associations with temporal horn enlargement and Tz- 
weighted intense signal (P<.002) were also found. 


MRI and Surgical Outcome 


Follow-up of at least 12 months (mean, 22 months) 
revealed that 23 (68%) of 34 patients were in outcome 
group 1, 10 (20%) of 34 were in group 2, and one patient 
was in group 3. Although not statistically significant, a 
correlation was found between group 1 outcome and the 
presence of an abnormal MRI (P<.09). Six (24%) of the 25 
patients with abnormal MRIs were in group 2 outcome, 
whereas four (44%) of the nine with normal MRIs were in 
the same outcome group, and one patient was in outcome 
group 3. 

Significant associations were found between specific 
MRI findings and outcome. All patients with structural le- 
sions identified by MRI were seizure free. Group 1 
outcome also correlated significantly with the presence of 
hippocampal atrophy (P<.005). Ten of 11 patients with 
temporal horn enlargement had group 1 outcome and 11 
of 13 with abnormal T,-weighted high-intensity signal 
present had the same beneficial outcome. Last, a significant 
association was found between a history of febrile convul- 
sions and group 1 outcome. Table 2 illustrates these 
associations. 


Predictive Value of MRI Findings 


The highest correlation between group 1 outcome and 
MRI was observed in patients who demonstrated the 
presence of hippocampal atrophy. Findings depicted in 
Table 2 suggested that the predictive value of unilateral 
temporal horn enlargement was higher than the others. 
However, the sensitivity of this criterion was lower than 
that of hippocampal atrophy and abnormal T,-signal; thus, 
the most useful prognostic factor was hippocampal atro- 
phy. Further analysis carried out between individual cri- 
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teria revealed that hippocampal atrophy strongly correlat- 
ed with temporal horn enlargement and abnormal high 
signal (P<.001). Other associations are listed in Table 3. 
After data from the predictive factors had been analyzed 
and all but the statistically significant predictors had been 
eliminated, we conducted a logistic regression that dem- 
onstrated that the best predictor of favorable surgical out- 
come was hippocampal atrophy (P<.009). The results of 
the logistic regression analysis testing febrile seizure his- 
tory and the overall MRI results (abnormal if any one of the 
four criteria was abnormal) indicated that a febrile seizure 
history best predicted positive surgical outcome (P<.003). 


COMMENT 


Magnetic resonance imaging is highly sensitive in the 
detection of pathology in patients with medically intracta- 
ble TLE. Tumors and vascular malformations are readily 
detectable by MRI, and recent advances in imaging tech- 
niques have made possible the preoperative determination 
of the underlying histologic nature of some of these lesions 
with a high degree of accuracy.'*’’ Mesial temporal sclero- 
sis is the most common histologic abnormality found in 
specimens obtained during temporal lobectomy.*” Al- 
though initially controversial," it is now well established 
that MRI is able to demonstrate MTS if the appropriate 
imaging parameters are used.°”'®'® The characteristic MRI 
features of MTS include the presence of hippocampal at- 
rophy and increased T,-weighted signal from the atrophic 
hippocampus. Other abnormalities commonly observed in 
patients with intractable TLE, but not necessarily associat- 
ed with MTS, include ipsilateral temporal horn enlarge- 
ment and anterior temporal lobe volume loss.” The sig- 
nificance of anterior temporal volume loss has not been 
systematically explored, and remains controversial. 

An important prognostic issue in patients selected for 
temporal lobe resections concerns surgical outcome. We 
demonstrate in this study that the detection of specific MRI 
findings are of prognostic value. In our study sample, the 
detection of a restricted foreign-tissue lesion correlated 
with excellent surgical outcome and is highly predictive of 
surgical success. However, this group of patients was 
highly selected and the data should be interpreted in this 
context. When the data were analyzed as a group, the 
prognostic significance of an abnormal, non-foreign tissue 
lesion MRI was found to be low (P<.18). This is perhaps 
expected because our diagnostic criteria included the use 
of anterior temporal lobe atrophy, a finding that per se may 
have questionable significance and reliability for lateral- 
ization purposes in patients with TLE.”” 

It has been established that the outcome of temporal 
lobectomy is better in those cases in which hippocampal 
sclerosis is found in the resected specimens.” Jackson et 
al? using two of the diagnostic criteria used in our study, 
reported preliminary results indicating that the presence of 
a lateralized MRI abnormality correlated with better sur- 
gical outcome. However, they did not precisely specify the 
type of MRI findings associated with outcome and, there- 
fore, an accurate correlation could not be established. Our 
data are in agreement with those of Jackson et al, but in 
addition provide evidence that specific MRI findings cor- 
relate with outcome. We found a significant correlation 
between hippocampal atrophy and group 1 outcome 
(P<.005). The location and extent of hippocampal atrophy 
also appeared to correlate with outcome. Among the 15 
patients with hippocampal atrophy, 12 had localized ante- 
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Table 2.—Magnetic Resonance Imaging Findings and Surgical Outcome* 


Surgical Outcome, Groupt 


Criterion 


Anterior temporal atrophy 

Temporal horn enlargement 
Hippocampal atrophy 

Abnormal T,-weighted signal 

Febrile seizures 

Normal magnetic resonance imaging 


*N=29. PPV indicates positive predictive value; NS, not significant. 
tSee text for details regarding group outcome. 


Anterior 
Temporal 


Lobe Atrophy 


Anterior temporal lobe atrophy 
Temporal horn enlargement 
Hippocampal atrophy 
Abnormal T,-weighted signal 


*NS indicates not significant. 


rior atrophy and three had widespread atrophy through 
the hippocampal formation. Focal atrophy correlated with 
group 1 outcome in 11 of 12 patients, and widespread at- 
rophy correlated with group 2 outcome in two of three pa- 
tients. Although these data suggest an association between 
extent of atrophy and surgical outcome, further studies 
using thinner and contiguous slice images are needed to 
confirm these preliminary findings. 

The presence of two other MRI criteria correlated with 
outcome; increased signal on T,-weighted images (P<.024) 
and ipsilateral temporal horn enlargement (P<.012). Hip- 
pocampal atrophy and an increased abnormal signal aris- 
ing from the hippocampus are the hallmarks of MTS and, 
therefore, it was not surprising that they correlated with 
good surgical outcome (Figure). Unexpectedly, we found 
temporal horn enlargement to correlate with the location 
of the epileptogenic focus and outcome in all patients with 
this type of abnormality. In addition, we found a correla- 
tion between hippocampal atrophy and temporal horn en- 
largement (P<.001). Previous studies that questioned the 
value of unilateral temporal horn enlargement as a later- 
alizing sign used computed tomographic scan and pneu- 
moencephalography techniques and thus, comparisons 
may be difficult.” The limitations inherent in the above 
methods and the advantages of MRI may explain the dis- 
crepancy in results (Table 3). Our findings suggest that the 
presence of hippocampal atrophy, abnormal T>-weighted 
signal, and temporal horn enlargement is highly predictive 
of successful surgical outcome and may provide evidence 
for a common pathogenic feature underlying the MRI 
abnormalities. 

The prognostic value of hippocampal formation MRI- 
based volumetric studies in TLE surgery was recently re- 
ported by Jack et al.” In their study, a statistically signif- 
icant correlation between hippocampal volume (atrophy) 
and surgical outcome was found. Their data are compara- 
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ble with our results. They found that 70% of their patients 
had a lateralized hippocampal abnormality in agreement 
with EEG, which compares with 69% using our visual cri- 
teria. In patients with normal MRIs, Jack et al** found that 
42% of their patients were seizure free; in our study this 
figure was 44%. Despite the methodological differences, 
similar results suggest that both techniques are equally ef- 
fective in determining the side of abnormality and as pre- 
dictors of surgical outcome. 

The lateralizing value of anterior temporal lobe atrophy 
should be carefully evaluated in view of the reported 
asymmetries found in normal young adults between 
dominant and nondominant temporal lobes.'? We do not 
think that this variable affected our MRI interpretations, 
because no false lateralization occurred in our study. Fur- 
thermore, isolated anterior temporal lobe atrophy was ob- 
served in four patients. In this group, lateralization with 
MRI and intracranial EEG was equally distributed between 
left and right temporal lobes. These findings suggest that 
false lateralization based on “normal” temporal lobe 
asymmetries is unlikely to occur in this population but 
should be considered during interpretation. 

The predictive value of anterior temporal lobe atrophy 
detected by MRI in patients with TLE has not been stud- 
ied previously. Our data indicate that no statistically sig- 
nificant correlation exists between this abnormality and 
the outcome of surgery. Isolated temporal lobe atrophy 
was present in four patients and correlated with the EEG 
focus; however, all of these patients were in group 2. Con- 
versely, the presence of temporal lobe atrophy in associa- 
tion with any other MRI abnormality correlated with 
group | outcome. These findings suggest that although 
isolated temporal lobe atrophy may be lateralizing and in 
agreement with the EEG data, it may also reflect the pres- 
ence of a widespread temporal epileptogenic process in 
contrast to hippocampal atrophy, a circumscribed abnor- 
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mality suggestive of MTS. These findings may indicate the 
need for additional ancillary information or for modified 
surgical procedures in these patients. Further studies cor- 
relating MRI, intracranial EEG investigations, and pathol- 
ogy are needed to clarify this issue. 

A history of prolonged febrile convulsions was present 
in 38% of our patients. Analysis revealed a statistically 
significant correlation between this antecedent and hip- 
pocampal atrophy (P<.001), with the presence of tempo- 
ral horn enlargement and abnormal high signal (P<.002). 
These findings support the well-established association 
between prolonged febrile convulsions and MTS. In addi- 
tion, these data confirm our previous correlative studies 
using MRI.° Furthermore, febrile convulsions and hippo- 
campal atrophy were found by logistic regression analysis 
to be the only variables associated with good surgical out- 
come (P<.009). 

It is important to comment on the potential limitations 
and strengths of this study. First, this study was carried out 
in a selected sample of surgically treated patients. Patients 
with extratemporal epilepsy, anaplastic tumors, or pa- 
tients in whom residual lesion was present on postopera- 
tive MRI were excluded. This pure population, however, 
comprises the majority of patients with TLE and is repre- 
sentative of most patients selected for this procedure. Sec- 
ond, surgical outcome is probably dependent on multiple 
factors, including etiology, single vs multiple EEG foci, lo- 
calized histopathologic findings, and extent of surgical 
resection.” The prospective nature of the study, together 
with a homogeneous patient population, single surgeon, 
and standard surgical procedure, minimized these vari- 
ables. Last, the minimal follow-up was 1 year. Although 
some patients may have recurrent seizures after the first 
operative year, long-term studies have not shown a trend 
toward increasing seizures.” 

It is becoming increasingly clear that using appropriate 
imaging techniques and a set of simple but reliable visual 
diagnostic criteria, MRI can detect lateralizing pathology 
in virtually all patients with intractable TLE. This, in con- 
junction with other localizing information, has proven to 
be of great use in the presurgical evaluation of TLE 
patients, especially among surgical centers with limited 
resources. The predictive value of MRI in determining the 
possible surgical outcome is demonstrated in our study. 
The presence of an MRI abnormality correlates with excel- 
lent outcome in 70% of patients, whereas absence of 
demonstrable lateralizing pathology by MRI, even with a 
lateralized EEG abnormality, reduces the likelihood of 
seizure-free outcome to approximately 45%. Although 
surgical outcome depends on multiple factors, it is now 
feasible to use the information provided by MRI to help 
predict outcome in patients referred for temporal lobe re- 
sections. The information obtained with MRI may also 
provide evidence of the extent of the epileptogenic area 
and may alter the preoperative and surgical approach to 
specific subgroups of patients with intractable temporal 
lobe seizures. 


We thank Joanne Cage for technical assistance in the preparation of 
the manuscript. 
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A MIGRAINE DILEMMA 


“Today of all days — 
I can’t believe 
Mom had to get 


one of her migraines.” 





r 


“Pd give anything 


to be with Scott today, 


but what could I do? 
Between the pain 
and the nausea, 


I can barely move.” 
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Migraine is more than a headache. 

Recent research has revealed that migraine 

is a complex, multisymptom disorder of 
neurobiological origin.'’ Although various 
theories have been proposed regarding the 
exact physiological mechanism of migraine, 
the practical patient presentation has become 
increasingly clear: headache is only one aspect 
of the total migraine symptom complex. Nausea, 
vomiting, and light and sound sensitivity also 
contribute to the disabling nature of migraine. 
And that disability means people in the 
migraine patient’s world suffer too—family, 
friends, coworkers. 


Current estimates indicate that over 11 million 
Americans suffer from migraine with moderate 
to severe disability’... and the prevalence of 
migraine is on the rise.’ Yet, the sad fact is only 
one out of three migraine sufferers is actually 
under a physician’s care.’ Many have resigned 
themselves to coping on their own. 


Fortunately, research may offer 
new hope to migraine sufferers. 
Results of this research have 
given us new 
insights into the 
neurobiological 
basis of migraine ... 
and new hope for 
migraine patients. 
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Differential Diagnosis in Dementia 


Principal Components Analysis of Clinical Data From a Population Survey 


Anthony F. Jorm, PhD; Laura Fratiglioni, MD; Bengt Winblad, PhD 


e Objective.—To reduce all the clinical data, collected 
from an unselected group of subjects, to a small set of fac- 
tors and to see how these factors correspond to standard 
clinical diagnosis of dementing disorders. 

Design.—Population survey. 

Setting.—General community: elderly older than 74 
years, from an area in Stockholm, Sweden. 

Subjects.—Population-based sample including (1) all the 
screened positive subjects using the Mini-Mental State ex- 
amination; and (2) a random sample of the screened nega- 
tive subjects, matched by age and sex. A clinical examina- 
tion and an informant interview were carried out. Cases 
were identified using Diagnostic and Statistical Manual of 
Mental Disorders, Revised Third Edition diagnostic criteria 
for Alzheimer’s disease (AD) and other dementias. 

Main Outcome Measure.—independently from the clin- 
ical diagnosis, a principal components factor analysis was 
carried out to investigate groupings among the clinical data 
(factors). Factor scores, calculated as a weighted sum of the 
symptom variables and converted to a standard score form. 

Results.—Four major factors were found: cognitive im- 
pairment, cerebrovascular disease, disturbed behavior, and 
depressive symptoms. The comparison of these factors with 
the clinical diagnoses showed that (1) the cognitive impair- 
ment factor discriminated demented cases from nonde- 
mented; (2) the cerebrovascular disease factor discriminat- 
ed vascular dementia from AD cases and nondemented; (3) 
the disturbed behavior factor discriminated AD cases from 
vascular dementia cases and nondemented, indicating be- 
havioral changes characteristic of AD. 

Conclusions.—this finding, if replicated, would have im- 
plications for the construction of diagnostic criteria for AD. 

(Arch Neurol. 1993;50:72-77) 


eo diagnosis in dementia involves two steps: the 
diagnosis of the syndrome of dementia, and the dif- 
ferentiation of diseases producing the dementia.’ Both 
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steps involve difficult decisions. For the diagnosis of 
dementia, there is the problem of differentiation from nor- 
mal aging, when there is no clear break between the two, 
but rather is an underlying continuum from successful 
cognitive aging* to severe dementia. For differential diag- 
nosis, the main problem remains the diagnosis of Alz- 
heimer’s disease (AD), which is still diagnosed largely by 
excluding other dementing disorders. As well, there is 
the problem of multimorbidity, particularly in the very 
elderly, in whom dementia may not be attributable to any 
single disease process. 

An important advance has been the development of di- 
agnostic criteria for both of these steps, in particular the 
Diagnostic and Statistical Manual of Mental Disorders, 
Revised Third Edition (DSM-III-R), National Institute of 
Neurological and Communicative Disorders and Stroke- 
Alzheimer’s Disease and Related Disorders Association 
(NINCDS-ADRDA), and, more recently, International Clas- 
sification of Diseases, 10th Revision (ICD-10) criteria.* The use 
of clinical diagnostic criteria helps to ensure greater agree- 
ment among diagnosticians and, perhaps, greater validity 
as well. The acceptance of clinical diagnostic criteria has 
been so strong that they are virtually always used in re- 
search studies on dementia. Despite this acceptance by re- 
searchers, the diagnostic criteria themselves have not been 
derived directly from research evidence but from the 
knowledge and clinical experience of experts. In fact, diag- 
nostic criteria are usually based on the consensus of a com- 
mittee of experts. As a consequence, validation of the cri- 
teria becomes essential. 

Criteria for clinical diagnosis can be validated using a 
pathological standard. For example, several studies have 
shown that the NINCDS-ADRDA criteria for probable AD 
produce acceptable-to-high agreement with pathological 
diagnosis.*’ Pathological studies are, however, based on 
highly selected samples. Another approach, used herein, is 
to examine the signs and symptoms relevant to clinical di- 
agnosis. This is best carried out as part of a population sur- 
vey to avoid biases in the selection of subjects. Although no 
“gold standard” is available in such studies, the statistical 
associations among the signs and symptoms can be exam- 
ined. Signs and symptoms that reflect the same underlying 
pathology should be correlated with each other, but not with 
the signs and symptoms that reflect a different pathology. 

The method used herein to investigate groupings among 
clinical variables is principal components analysis, which 
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has been used previously to study pathological findings in 
the dementias.® The aim of this technique is to reduce a 
large set of correlated variables (in our case, signs and 
symptoms) down toa smaller set of uncorrelated variables, 
known as principal components or factors. In a sense, factors 
derived from clinical variables correspond to syndromes. 
However, an important difference is that factors are con- 
tinuous dimensions rather than discrete categories. Hence, 
rather than categorize people as either sick or well, prin- 
cipal components analysis will arrange them along a con- 
tinuum from very sick to very well. For studying demen- 
tia, there are advantages in using a technique that 
combines the clinical data to form continuous variables, ie, 
at least in the very elderly, there is no clear break between 
dementing diseases and normal aging. Furthermore, prin- 
cipal components analysis handles multimorbidity easily 
because individuals do not have to be placed in mutually 
exclusive categories. Instead, they can simultaneously 
score high on several factors. 

In this article, we report the results of analyses that were 
performed on clinical data collected during a population 
survey on aging and dementia, which is ongoing in Stock- 
holm, Sweden (the Kungsholmen Project). The aims of this 
report are to reduce the clinical data from the Kungshol- 
men Project to a small set of factors and to see how these 
factors correspond to standard clinical diagnoses. 


SUBJECTS AND METHODS 
Sample 


Clinical data were collected from 668 subjects who underwent 
phase 2 of the Kungsholmen Project. A description of the popu- 
lation and the methods used have already been reported.” 
Briefly, the subjects were selected from the general population, 
aged 75 years and older, and residing in an area of Stockholm 
(Kungsholmen). The Mini-Mental State examination (MMSE)" 
was used as a screening test. All the subjects who scored less than 
24 (n=314) and a random sample of persons who scored higher 
than 23 (n=354) underwent a comprehensive clinical examination. 
Also, a relative or other informant was interviewed. The sample 
was matched by age (+5 years) and sex with the screened posi- 
tive subjects. 


Diagnostic Examination 


The clinical examination in phase 2 was performed by one of 
three physicians. This was similar to a comprehensive examina- 
tion usually performed in clinical practice, but it was structured 
and defined with scoring criteria. It included a medical history, 
physical and neurological examination, cognitive examination, 
and assessment of depression with the relevant subscale of the 
Comprehensive Psychopathological Rating Scale.” Cognitive 
functions were tested by asking for facts of general knowledge 
and past personal information (memory); by object naming and 
comprehension of commands and sentences (language); by prob- 
lem solving and interpretation of proverbs (abstract thinking); by 
examining simple motor activities, such as dressing and miming 
(praxis); by copying figures (visuospatial orientation); by calcu- 
lations and mathematical problems (calculation); and by recogni- 
tion of objects (gnosis). Laboratory tests were performed to detect 
secondary dementias: albumin, glucose, fructosamine, vitamin 
By, and thyroid function tests. As well, an interview was carried 
out by a nurse with a relative of the subject or another informant. 
This interview concerned medical history of the subject and his 
or her family; present functioning of memory, orientation, lan- 
guage, abstract thinking, and calculation; personality changes, 
behavioral disturbances, and loss of abilities, hobbies, and inter- 
ests previously present; and time of onset and progression of the 
dementia symptoms. 

The clinical diagnosis of dementia and different types of 
dementia was based on DSM-III-R diagnostic criteria, except for 
multi-infarct dementia. The differential diagnosis between AD 
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and vascular dementia was based only on clinical data because 
instrumental examinations, such as computed tomography or 
magnetic resonance imaging, were not performed in all the 
cases. As a summary of the clinical data and as an aid to diagno- 
sis, the scale of Hachinski et al” was used, with a score of greater 
than 6 indicating vascular dementia; lower than 5, AD; and 5 or 
6, mixed dementia. A diagnosis of “AD with doubts” was used 
when the data were insufficient to accept an AD diagnosis, but all 
the other dementias were less probable. Two independent diag- 
noses were made by physicians working separately. Final diag- 
noses were derived from a comparison of these two independent 
diagnoses.'* When there was agreement between the first and the 
second diagnoses, this was the final diagnosis. When there was 
disagreement, these data were reexamined independently and, if 
the disagreement persisted, a final diagnosis was made by a su- 
pervisor. In making their diagnoses, the physicians were “blind- 
ed” to the subjects’ performance on the MMSE. Staging of 
dementia was done according to the Clinical Dementia Rating 
scale’ by one physician based on the final diagnoses. 

All testing procedures and the means of obtaining consent from 
subjects and informants were approved in advance by the Ethi- 
cal Committee of the Karolinska Institute. 


Data Analysis 


The clinical variables relevant to diagnosis of dementing 
diseases were subjected to a principal components factor analy- 
sis. The clinical variables were those used by the second physi- 
cian (L.F.) in making her clinical diagnoses. Some variables were 
found to be highly correlated and, therefore, were combined be- 
fore the analysis. The starting point for the principal components 
analysis was a correlation matrix involving all the clinical 
variables. However, elderly subjects often have missing data on 
some variables; therefore, if the correlation matrix was based only 
on those subjects with complete data, there would be a consider- 
able loss of subjects, particularly those with deficits. The solution 
adopted for our study was to use data from subjects who had 
missing values on 10% or less of the clinical variables. When a 
value was missing, the mean value from the sample was substi- 
tuted. A principal components analysis yields successive factors 
that account for progressively less of the variance present in the 
original variables. Most of the factors account for so little of the 
variance as to be of no interest. To decide on the number of fac- 
tors to retain, we used a graph showing the percentage of vari- 
ance accounted for by each successive factor (a screen plot). From 
the point the plot reached a plateau, the remaining factors were 
disregarded. To aid interpretation of the factors that were 
retained, a VARIMAX rotation was used."* This technique aligns 
the factors so that they have either very large or very small cor- 
relations with the original clinical variables. Factor scores were 
calculated for each of the rotated factors. These factor scores con- 
sist of a weighted sum of the symptom variables, with each 
symptom being converted to a standard score and weighted ac- 
cording to its correlation with the factor. The factor scores are 
standardized, with a mean of 0 and an SD of 1. The factor scores 
were used as dependent variables for subsequent analyses. In 
particular, we did the following correlations and comparisons: 

1. The factor scores were correlated with continuous variables, 
like age and the MMSE score using Pearson’s Product-Moment 
Correlation coefficients." 

2. The factors were compared across groups to check if gender, 
education, diagnosis, or type of informant were related to the 
factor scores. Differences between means were tested for statisti- 
cal significance using either t tests or analysis of variance. Where 
t tests were carried out, an F test was first performed to examine 
the assumption of equal within-group variances. If the F test was 
not significant (P>.05), the within-group variances were regard- 
ed as homogeneous and a pooled-variance estimate was used for 
the ż test. When the within-group variances were significantly 
different, a separate variance estimate was used. One-way anal- 
yses of variance were used to compare the factor scores of three 
or more groups. If the analysis of variance test showed that there 
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Table 1.—Demographic Data and Mini-Mental State Examination (MMSE) Scores of Subjects Included 
in Principal Components Analysis (Total Sample and Different Diagnostic Groups) 


Women, % 


Nondementia 

Alzheimer’s disease 
Alzheimer’s disease with doubts 
Vascular dementia 

Secondary dementias 


Total 


was some difference between the groups, post hoc Scheffé tests 
were performed to find out which pairs of groups were different."° 
The P<.05 significance level was used for these comparisons. 


RESULTS 


There were 445 subjects with sufficient data to be 
included in the analysis. Of these, 315 were normal, 65 
were diagnosed as having AD, 12 as having AD with 
doubts, 27 as having vascular dementia, and 26 were giv- 
en other diagnoses (mixed dementia, subdural hematoma, 
dementia in Parkinson’s disease, alcoholic dementia, psy- 
chosis, or uncertain type of dementia or uncertain demen- 
tia). Demographic data and the MMSE scores are reported 
in Table 1 for the total sample and each diagnostic 
subgroup. 

The informants consisted of 73 spouses, 180 children and 
children-in-law, 115 other relatives, and 77 nonrelatives. 
Of the 223 subjects who were excluded because of insuf- 
ficient data, 162 lacked informants. Subjects who were ex- 
cluded were more likely to be severely demented than 
those included (15% vs 2%) and were less likely to be nor- 
mal (56% vs 72%). They were also more likely to be diag- 
nosed as having vascular dementia (11% vs 6%). 

When the principal components analysis was carried out 
on the 132 variables, most of the factors accounted for only 
1% or less of the total symptom variance. The large num- 
ber of specific factors, which had only one or two clinical 
variables correlating with them, is due to the many vari- 
ables that were used as exclusion criteria, mainly for AD 
(eg, severe head trauma, thyroid disease, and cancer). As 
expected, these “exclusion” variables did not correlate 
with other clinical variables to form major factors. 

The first four factors accounted for 17.9%, 4.1%, 3.9%, 
and 3.4% of the symptom variance, respectively, while the 
next six factors accounted for 2.6%, 2.3%, 1.9%, 1.9%, 1.8%, 
and 1.7%, respectively. It was decided to retain the first 
four factors for rotation, but exploratory analyses were also 
carried out rotating five or six factors. The five- and 
six-factor rotations did not, however, produce any theo- 
retically interesting factors beyond those present in the 
four-factor rotation. For this reason, only the four-factor 
rotation is described. 

The correlation coefficients (loadings) of all 132 clinical 
variables with the four rotated factors are too many to be 
described herein. Instead, Table 2 shows the clinical vari- 
ables with loadings of .40 or greater. It can be seen from 
Table 2 that the clinical variables that loaded on factor 1 
reflect cognitive impairment. These clinical variables de- 
rive from the physicians’ examination and from the inter- 
view with the informant. The clinical variables that load- 
ed on factor 2 mostly reflect disturbed behavior, but some 
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Age, y, Mean+SD 
84.0+5.3 
83.8+5.5 
85.3+3.9 
84.6+6.0 
84.4+6.3 
84.1+5.3 


MMSE Score, Mean+SD 


26.0+3.1 
14.8+7.6 
19.2+4.2 
14.3+7.0 
14.0+6.1 
22.8+6.8 


cognitive items also contributed to this factor. All these 
clinical variables derive only from the interview with the 
informant. A number of the informant variables loaded on 
factors 1 and 2, indicating that some symptoms may be 
measures of cognitive impairment and disturbed behavior. 
The clinical variables loading on factor 3 reflect cerebrovas- 
cular disease and derive from the physician’s examination 
and from the informant, while those loading on factor 4 
reflect depressive symptoms and derive solely from the 
physician. 

Because the first factor appears to measure cognitive 
impairment, it should have a strong correlation with the 
MMSE, while the other factors are expected to not corre- 
late as well. The correlation coefficients for the whole 
sample and the different diagnostic groups are reported in 
Table 3. The results support our interpretation. 

Analyses were carried out to see whether the factor 
scores were related to various sociodemographic charac- 
teristics of the subjects and their informants. Age of the 
subjects was found to have a correlation of .10 with the 
cognitive impairment factor (P<.05), —.06 with the dis- 
turbed behavior factor (not significant), .13 with the cere- 
brovascular disease factor (P<0.01), and —.11 with the de- 
pressive symptoms factor (P<.05). Male subjects scored 
significantly higher than females on the cerebrovascular 
disease factor (means of .25 and —.06, respectively; P<.05), 
while they scored lower on the depressive symptoms fac- 
tor (means of —.20 and .05, respectively; P<.05). Subjects 
with only primary education scored higher on the cogni- 
tive impairment factor than those with secondary or high- 
er education (means of .13 and —.23, respectively; P<.001). 
There were also some relationships with characteristics of 
the informants. Subjects with informants aged 41 through 
60 years were found to score higher on depressive symp- 
toms than those with informants aged 61 through 80 years 
(means of .19 and —.11, respectively; P<.05), while female 
informants were found to report more disturbed behavior 
than male informants (means of .09 and —.19, respective- 
ly; P<.01). Type of informant (spouse, child, other relative, 
nonrelative) was not related to any of the four factor scores. 

Factor scores were also compared for subjects with var- 
ious clinical diagnoses. The only diagnoses to have suffi- 
cient numbers for meaningful comparison were AD, AD 
with doubts, and vascular dementia. The mean factor 
scores for these groups and for nondemented subjects are 
shown in Fig 1. When the means for the cognitive impair- 
ment factor were compared using a Scheffé test, all three 
groups with dementia were significantly different from 
nondemented subjects, and the AD and vascular groups 
differed from the AD-with-doubts group. On the disturbed 
behavior factor, the two groups with AD were found io 
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Table 2.—Correlations Between Clinical Variables and the Four Factors in the Principal Components Analysis* 


Correlation Variables Correlated to 





Factor 1 
.74-.70 Handling money, object naming, calculation, names of largest cities 
.69-.65 Knowing age, finding toilet, budgeting, using appliances, diamond copying, prime minister’s name 
.64-.60 Remembering lists, knowing who she or he is, copying of cross, knowing date of birth, remembering what happened 


the day before, concentration, reduced talkativeness, everyday problem solving 
59-55 Use of initiative, proverb interpretation, circle copying, previous prime minister’s name, distinguishing people 


54-.50 Doing usual household work, finding shops, onset of disorientation gradual, changed personality, deteriorated memory, 
unclear thinking, making decisions, use of initiative 


49-.45 Reduction of emotional involvement, speaking of dead people as alive, forgetting names, speaking less, apathy, 
hygiene, praxis, word finding 


.44-.40 Carelessness with clothes, onset of dysmnesia gradual, motor retardation, duration of cognitive changes, knowing own 
name 











Factor 2 
59-.55 Unclear thinking, fluctuating confusion, hiding things, remembering what happened the day before 


.54-.50 Fearfulness, depression, deteriorated memory, changed personality, quick to anger, agitation, worry, anxiety, 
moodiness, complaints of persecution 


.49-.45 Remembering lists, disinhibition, accusations of stealing, old food in house, verbal aggression, carelessness with 
clothes, onset of dysmnesia gradual, suicidal thoughts, less caring for others, needing to control 


Use of initiative, budgeting, hallucinations, forgetting names, hygiene, onset of disorientation gradual, hypochondria 


Factor 3 









Previous stroke 


.69-.65 Paresis, previous transient weakness in limbs, tendon reflexes in upper limbs 
.64-.60 Grasset’s signt 

59-.55 Plantar reflex, previous stroke 

54-.50 Epilepsy, previous transient memory problem 

49-.45 Tendon reflexes in lower limb, previous transient speech problem 


Facial cranial nerve paresis 







Depressed mood 


59-.55 Anxiety, depressive thinking, worry 
54-.50 No wish to live 
A9-.45 Hypochondriacal ideas, reduced sleep at night 


Depressed mood (observed), autonomic emotional reactions 


*All variables were scored so high values correspond to impairment; variables reported by informants are shown in italics. 
tSign of decreased muscular strength in the upper limbs. 


- Table 3.—Correlation Coefficients Between the Major Factor Scores From the Principal Components Analysis and the 
MMSE (in Whole Sample and in Different Diagnostic Groups)* 


Factor Score 
<2 ee ee ee 
Cognitive Disturbed Depressive 
Impairment Behavior Symptoms 


Whole sample 

Nondementia 

Alzheimer’s disease 

Alzheimer’s disease with doubts 


Vascular dementia 





Secondary dementias 
*MMSE indicates Mini-Mental State examination; CVD, cerebrovascular disease. 
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Nondementia 
AD 
2.0 AD With Doubts 


Vascular Dementia 


1.0 


Mean Factor Score 


WARRRAAL' 


0.0 





Disturbed CVD 
Behavior 


Depressive 
Symptoms 


Cognitive 
Impairment 


Type of Factor 


Fig 1.—Mean scores on the four factors for subjects in various diagnos- 
tic groups. AD indicates Alzheimer’s disease; CVD, cerebrovascular 
disease. 


differ significantly from the nondemented and vascular 
dementia groups. On the cerebrovascular disease factor, 
the vascular dementia group differed significantly from 
each of the other three groups, while on the depressive 
symptoms factor, the vascular dementia group differed 
from the two groups with AD. 

To see how well the disturbed behavior factor discrim- 
inated the AD and vascular dementia groups, the frequen- 
cy distributions of the factor scores were plotted as shown 
in Fig 2. It can be seen that the distributions differ, but with 
considerable overlap. Although AD cases generally had 
some degree of disturbed behavior, the vascular cases 
sometimes did too. 


COMMENT 


This study showed that much of the clinical data could 
be summarized by four factors: cognitive impairment, dis- 
turbed behavior, cerebrovascular disease, and depressive 
symptoms. To a large extent, these factors correspond to 
currently recognized syndromes. The cognitive impair- 
ment factor discriminated AD and vascular dementia 
cases from the nondemented cases and correlated highly 
with the MMSE, which is a widely used screening test for 
dementia. This factor therefore corresponds to the syn- 
drome of dementia as described in diagnostic criteria such 
as DSM-III-R and ICD-10. Likewise, the cerebrovascular 
disease factor discriminated vascular dementia cases from 
AD cases and the nondemented cases and therefore corre- 
sponds to the category of “multi-infarct dementia” in 
DSM-III-R and “vascular dementia” in ICD-10. The de- 
pressive symptoms factor corresponds to syndromes of 
depressive disorder as described in these classifications. 
Although vascular dementia cases tended to score higher 
than AD cases on the depressive symptoms factor, this 
finding may be an artifact of the diagnostic procedure. 
Vascular dementia was diagnosed using the scale of 
Hachinski et al,? which includes depression as one of its 
items. 

The unexpected result was the emergence of the dis- 
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@ Vascular Dementia 
O Alzheimer's Disease 


% of Each Diagnostic Group 





-1.50 -0.50 0.50 1.50 2.50 


Score on Disturbed Behavior Factor 


Fig 2.—Percentage distribution of the cases affected by Alzheimer’s dis- 
ease and vascular dementia for grouped scores on the disturbed behav- 
ior factor. The scores are grouped in one-interval classes and the mid- 
point is reported. 


turbed behavior factor. This factor does not correspond to 
any generally recognized syndrome, but AD cases tended 
to score higher on this factor than vascular dementia cases 
and nondemented subjects. The disturbed behavior factor 
appears to represent changes associated with AD. How- 
ever, overlap was noted between the AD and vascular de- 
mentia groups, with vascular dementia cases also some- 
times having high scores. A possible explanation is that the 
vascular dementia cases with high scores were, in fact, 
cases of mixed dementia, which is, strictly speaking, a di- 
agnosis requiring pathological evidence and is a diagnosis 
that is difficult to make on clinical grounds. 

The results from the AD-with-doubts group are partic- 
ularly interesting in the following regard. This group 
scored lower than the AD and vascular dementia groups 
on the cognitive impairment factor but scored highest on 
the disturbed behavior factor. This finding supports the 
appropriateness of the diagnosis of AD for this group, al- 
though it is clear that they are atypical in terms of having 
less cognitive impairment than other AD cases. 

The association between AD and disturbed behavior 
emerged even though the criteria used for making the di- 
agnosis of AD (DSM-III-R) make no reference to such dis- 
turbances. The DSM-III-R criteria for dementia do include 
personality change as a possible feature of the syndrome. 
However, disturbed behavior is not mentioned in the cri- 
teria for primary degenerative dementia of the Alzheimer 
type. If these results are confirmed in other populations 
and also in younger persons, then disturbed behavior may 
be a positive feature of AD, which could be included in fu- 
ture revisions of diagnostic criteria, thereby making it less 
of a diagnosis by exclusion than has so far been the case. 
Other criteria for the clinical diagnosis of AD (NINCDS- 
ADRDA, ICD-10) also do not have disturbed behavior as 
an inclusion feature, although the NINCDS-ADRDA crite- 
ria do mention certain behavior disturbances as consistent 
with the diagnosis of probable AD. 

Another implication of the results is to further empha- 
size the importance of informants as a source of informa- 
tion in making a clinical diagnosis. Two of the factors 
identified herein (cognitive impairment and cerebrovas- 
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cular disease) involved variables derived from the physi- 
cian’s examination and the informant’s interview, while 
the disturbed behavior factor was solely based on the in- 
formant’s interview. It is difficult for a physician to observe 
behavior disturbances during a relatively brief examina- 
tion. Therefore, in a population survey, it would be diffi- 
cult to assess disturbed behavior in any way other than by 
an informant’s report. However, it must be recognized that 
informants are not neutral observers. The perception of 
disturbed behavior is to some extent in the eye of the be- 
holder. Although the type of relationship between the in- 
formant and the subject was not found to affect the results, 
female informants were found to rate behavior as more 
disturbed than male informants. It is of course possible that 
subjects with dementia behave differently when interact- 
ing with males and females, but it could equally be a dif- 
ference in perception of behavior. It is therefore important 
to check whether feelings can interfere with informants’ 
assessments. 

Although we think our findings have some important 
implications for clinical diagnosis, they must be consid- 
ered in light of the study’s limitations: 

1. It is based on prevalent cases. Therefore, our findings 
may not be applicable in the early phases of dementing 
disorders. However, because many of the more advanced 
cases were excluded due to missing information, most of 
the subjects examined did not have a long disease duration 
(mean=4.7 years, SD=2.7 years). Our results mostly come 
from the moderate and mild cases who are closer to disease 
onset. 

2. It is based on a very old population. Therefore, the 
findings may not be applicable to young-old subjects. 

3. Selection bias could have influenced our findings. In- 
sufficient information or unavailability of informants were 
the most frequent causes of exclusion. The excluded sub- 
jects were more frequently affected by severe dementia 
and vascular dementia than the included population (see 
next point). 

4. The analysis involved only 27 vascular dementia 
cases because of missing family interviews. The proportion 
of these subjects with missing family interviews was 
greater than for the AD group, and the selection was 
clearly toward cases with a shorter duration of the disease. 
We cannot know if some bias was introduced. 

5. The diagnosis of vascular dementia was based only 
on clinical data using the scale of Hachinski et al’ as an 
aid. Unfortunately, only a few subjects received instru- 
mental examinations, such as computed tomography or 
magnetic resonance imaging. Therefore, the diagnoses 
of vascular dementia are affected by the limitations of 
Hachinski’s scale.” It is likely that, while most of the 
AD diagnoses were correct, some of the subjects diag- 
nosed as having vascular dementia actually had AD or 
mixed dementia. 

In conclusion, this study shows the usefulness of prin- 
cipal components analysis for studying diagnostic classi- 
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fication and suggests the use of behavioral disturbances in 
the differential diagnosis between AD and vascular de- 
mentia. Our findings need replication in population-based 
surveys, ideally with a larger number of vascular demen- 
tia cases during earlier stages of the disease, and with more 
refined diagnostic criteria than those used in our study. 


This study was supported by grants from the Swedish Medical Re- 
search Council, Gamla Tjanarinnor Foundation, Gun & Bertil Stohne 
Foundation, Fredika & Ingrid Thuring Foundation, and Petrus & Au- 
gusta Hedlund Foundation. 

We thank all of the members of the Kungsholmen Project Study 
Group, Stockholm, Sweden (Michaela Grut, MD, Yvonne Forsell, MD, 
Matti Viitanen, PhD, Margareta Grafström, RN, Karin Holmen, RN, 
and Kjerstin Ericsson, PhD) for their collaboration and Tom Belland- 
er, PhD, for useful discussions. 


References 


1. American Psychiatric Association, Committee on Nomenclature and 
Statistics. Diagnostic and Statistical Manual of Mental Disorders, Revised 
Third Edition. Washington, DC: American Psychiatric Association; 1987. 

2. Rowe JW, Kahn RL. Human aging: usual and successful. Science. 
1987;237:143-149. 

3. McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan M. 
Clinical diagnosis of Alzheimer’s disease: report of the NINCDS-ADRDA 
Work Group under the auspices of Department of Health and Human Ser- 
vices Task Force on Alzheimer’s Disease. Neurology. 1984;34:939-944. 

4. World Health Organization. ICD-10 Draft of Chapter V: Categories 
F00-F99, Mental and Behavioural Disorders (Including Disorders of Psycho- 
logical Development): Diagnostic Criteria for Research. Geneva, Switzer- 
land: World Health Organization, Division of Mental Health; 1990. Docu- 
ment WHO/MNH/MEP/89.2, REV 1. 

5. Boller F, Lopez OL, Moossy J. Diagnosis of dementia: clinicopatholog- 
ic correlations. Neurology. 1989;39:76-79. 

6. Tierney MC, Fisher RH, Lewis AJ, et al. The NINCDS-ADRDA Work 
Group criteria for the clinical diagnosis of probable Alzheimer’s disease: a 
clinicopathologic study of 57 cases. Neurology. 1988;38:359-364. 

7. Martin EM, Wilson RS, Penn RD, et al. Cortical biopsy results in Alz- 
heimer’s disease: correlation with cognitive deficits. Neurology. 1987;37: 
1201-1204. 

8. Alafuzoff |, Iqbal K, Friden H, Adolfsson R, Winblad B. Histopatholog- 
ical criteria for progressive dementia disorders: clinical-pathological corre- 
lation and classification by multivariate data analysis. Acta Neuropathol! Berl. 
1987;74:209-225. 

9. Fratiglioni L, Viitanen M, Bäckman L, Sandman P-O, Winblad B. Oc- 
currence of dementia in advanced age: the study design of the Kungsholmen 
project. Neuroepidemiology. 1992;11(suppl 1):29-36. 

10. Fratiglioni L, Grut M, Forsell Y, et al. Prevalence of Alzheimer’s dis- 
ease in an elderly urban population: relationship with age, sex and educa- 
tion. Neurology. 1991;41:1881-1892. 

11. Folstein MF, Folstein SE, McHugh PR. ‘Mini-Mental State’: a practical 
method for grading the cognitive state of patients for the clinician. J Psychiatr 
Res. 1975;12:189-198. 

12. Asberg M, Montgomery SA, Perris C, Schalling D, Sedvall G. A com- 
prehensive psychopathological rating scale. Acta Psychiatr Scand. 1978;271 
(suppl):5-27. 

13. Hachinski VC, Iliff LD, Zilhka E, et al. Cerebral blood flow in demen- 
tia. Arch Neurol. 1975;32:632-637. 

14. Fratiglioni L, Grut M, Forsell Y, Viitanen M, Winblad B. Clinical diag- 
nosis of Alzheimer’s disease and other dementias in a population survey: 
agreement and causes of disagreement in applying Diagnostic and Statistical 
Manual of Mental Disorders, Revised Third Edition criteria. Arch Neurol. 
1992;49:927-932. 

15. Hughes CP, Berg L, Danziger WL, Coben LA, Martin RL. A new clin- 
ical scale for the staging of dementia. Br J Psychiatry. 1982;140:566-572. 

16. Armitage P, Berry G. Statistical Methods in Medical Research. Boston, 
Mass: Blackwell Scientific Publications Inc; 1987. 

17. Wade JPH, Mirsen TR, Hachinski VC, et al. The clinical diagnosis of 
Alzheimer’s disease. Arch Neurol. 1987;44:24-29. 


Diagnosis in Dementia—Jorm etal 77 


Original Contribution 





Idiopathic Intracranial Hypertension 
(Pseudotumor Cerebri) 


Descriptive Epidemiology in Rochester, Minn, 1976 to 1990 


Kurupath Radhakrishnan, MD; J. Eric Ahlskog, PhD, MD; Shelley A. Cross, MD; 
Leonard T. Kurland, MD, DrPH; W. Michael O'Fallon, PhD 


e The medical records-linkage system of the Mayo Clinic 
was used to identify cases of idiopathic intracranial hyper- 
tension in the 15-year period, 1976 through 1990, among 
the population of Rochester, Minn. Nine patients (eight 
women and one man) were identified, corresponding to an 
average annual age-adjusted incidence rate per 100 000 of 
0.9 for the total and 1.6 for the female population. In 
females aged 15 to 44 years, idiopathic intracranial hyper- 
tension occurred at a rate of 3.3 per 100 000 per year; for 
those defined as obese (body mass index > 26), the rate rose 
to 7.9. Median follow-up was 2.7 years (range, 5 months to 
15 years). Three of 18 eyes developed visual impairment; 
this was mild in all cases. 
(Arch Neurol. 1993;50:78-80) 


P seudotumor cerebri is defined as a syndrome charac- 
terized by increased intracranial pressure without 
clinical, laboratory, or radiologic evidence for a space oc- 
cupying lesion or hydrocephalus.'* The majority of pa- 
tients with pseudotumor cerebri manifest no apparent 
cause for the papilledema; hence, the term idiopathic 
intracranial hypertension (IIH) has become more popular 
recently.’* Today, the confirmed diagnosis of ITH requires 
(1) a documented elevation of intracranial pressure; (2) a 
normal neurologic examination except for papilledema 
and an occasional abducens nerve paresis; (3) the absence 
of a space-occupying lesion, or ventricular enlargement on 
computed tomography or magnetic resonance imaging; 
and (4) a normal cerebrospinal fluid composition.*° 

Several recently published large hospital-based series 
have described the clinical features, risk factors, course, 
and long-term follow-up in patients with ITH.*°” The typ- 
ical patient with IIH is a young obese female. Severe def- 
icits in visual acuity have been reported in up to 25% of 
patients with HH.™® Many studies have emphasized the 
association of IIH with menstrual irregularities, pregnan- 
cy, oral contraceptive use, a heterogeneous group of endo- 
crine diseases, hypervitaminosis A, and therapy with 
tetracycline, nitrofurantoin, nalidixic acid, and corticoster- 
oids.!!!? These notions are mainly based on a number of 
retrospective uncontrolled studies. Moreover, hospital- 
based data are usually biased in favor of an advanced or 
complicated disease process. 
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The hospital incidence reported in several large series 
suggests that IIH is a rare disorder.’*’ To our knowledge, 
there are only two studies that evaluated the incidence of 
ITH in a population.'*"* They reported an annual incidence 
per 100 000 of 1.0 to 2.0 for the total population, and 3.5 to 
10.0 for women in the reproductive age groups. However, 
the results were based on short periods of observation. Fur- 
thermore, the rates were not adjusted to the age distribution 
of the population. A longitudinal study in a well-defined 
population is likely to be of considerable interest in estab- 
lishing the true incidence rates and prognosis of HH. 

The aims of this study were to determine the population- 
based incidence rates and to provide the demographic and 
clinical features of incident cases of IIH diagnosed in the 
population of Rochester, Minn, over a 15-year period (1976 
to 1990). 


PATIENTS AND METHODS 


The population of Rochester (approximately 70000 in 1990) 
provides an excellent resource for this epidemiologic study, since 
medical care of the residents of Rochester is provided almost en- 
tirely by the Mayo Clinic, its two affiliated hospitals, and the 
Olmsted Medical Group, with its affiliated hospital. Diagnoses 
from these health care facilities (outpatient, inpatient, emergency 
department, and even house calls) have been indexed for com- 
puter retrieval, which allows access to the original medical 
records for review. The case ascertainment and follow-up afford- 
ed by this comprehensive medical records-linkage system offers 
unique opportunities for studying diseases in a circumscribed 
population over a long period. The potential of this data resource 
has been described elsewhere." 

For this study, the indexes were searched for all Rochester res- 
idents for whom the following diagnoses were made during 1976 
through 1990: pseudotumor cerebri, papilledema, intracranial 
hypertension, brain tumor, or otitic hydrocephalus. Inclusion in 
the study was based on the modified Dandy’s diagnostic criteria 
for ITH as illustrated in Table 1.° To be considered a case, onset 
of symptoms had to have occurred during the time period of the 
study, 1976 through 1990, and residency had to be established in 
Rochester at least 1 year prior to the date of onset. 

Medical records of 403 patients were reviewed; after the above 
diagnostic and residency criteria were applied, nine cases were 
accepted as IIH patients. Of the patients excluded from the study, 
the majority did not meet the required diagnostic criteria, and six 
did not meet the residency requirement. 

Age- and sex-specific incidence rates were calculated by divid- 
ing the number of incident cases by the proper denominator, es- 
timated from decennial census data as described elsewhere."® In- 
cidence rates were adjusted to the total 1980 US population using 
the direct method, and 95% confidence limits for the adjusted 
rates were estimated. 

All the patients with IIH were examined by members of the 
Department of Ophthalmology, Mayo Clinic, at the time of the 
diagnosis of IIH and at various intervals thereafter. Visual field 
testing, with the use of an Octopus or Goldmann perimeter and 
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a tangent screen, was performed on all patients at initial and sub- 
sequent ocular examination. Follow-up data regarding possible 
recurrences and current visual status were available for all 
patients. 

Obesity was defined as having a body-mass index (the weight in 
kilograms divided by the square of the height in meters) of 26 or 
more.” According to this criterion, approximately 36% of women 
and 39% of men in the United States have an excessive body mass 
for their stature.” In the absence of the prevalence rate of obesity in 
















Table 1.—Modified Dandy’s Criteria for the Diagnosis 
of Idiopathic Intracranial Hypertension 






Signs and symptoms of increased intracranial pressure 
Awake and alert patient 


No localizing neurologic signs other than abducens nerve 
paresis 


Normal neuroimaging studies except for small ventricles or 
empty sella 


Documented increased pressure (>200 mm of water in 
nonobese and >250 mm of water in the obese patient), 
but a normal composition of the cerebrospinal fluid 


No other cause of intracranial hypertension present 





Table 2.—Age- and Sex-Specific Average Annual 
Incidence Rates of Idiopathic Intracranial 
Hypertension per 100 000 Population 

in Rochester, Minn, 1976 to 1990 






Females Males Total 
[eer ee Ore. 
Age Group, y No. Rate No. Rate No. 




















0-14 0 0.00 0 0.00 0 0.00 
15-24 4 4.52 0 0.00 -4 2.56 
25-34 1 1.05 1 1.14 2 1.09 
35-44 3 4.87 0 0.00 3 D9 i 
45+ 0 0.00 0 0.00 0 0.00 
All age groups 8 1.62 1 0.24 9 0.98 
Age adjusted* cue ASS. eard A hae US 
95% confidence 

interval 0.47-2.63 0.00-0.55 0.32-1.54 





Rochester, 
Minn 





Place/Reference 













Duration of study, y 15 
Population base 70000 
No. of patients 9 
Female:male ratio 8:1 
Obesity, % 70 
Visual deficit, % 16.7 
Crude annual incidence rate per 100000 persons 
Total population 1.0 
Female population 1.6 
Females, aged 15 to 44 y 3.3 
Obese* females, aged 15 to 44 y 7 .9t 





Obese* females, aged 20 to 44 y 


tBody mass index of more than 26. 
+Overweight by more than 20%. 
SObesity, not defined. 
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*Accurate data are unavailable on the prevalence of obesity for any of the populations studied; hence, these figures are arbitrary. 


the Rochester population, these figures were used to arbitrarily de- 
termine the proportion of obesity in the local population. 


RESULTS 
Incidence Rates 


For 1976 through 1990, nine cases (eight women and one 
man) with IIH were identified among residents of Roches- 
ter with a mean age at diagnosis of 27.8 years (median, 29 
years; range, 15 to 40 years). Average annual incidence 
rates per 100 000 persons for IIH by age and sex are shown 
in Table 2. The annual age-adjusted rates per 100 000 were 
0.9 for the total and 1.6 for females. The female-to-male ra- 
tio of the adjusted rates was 8.4:1.0. For women 15 to 44 
years of age, the annual incidence rates per 100000 were 
3.3 for the whole and 7.9 for those with obesity (body mass 
index >26) (Table 3). 


Clinical Features 


Duration of symptoms prior to diagnosis varied from 1 
to 90 days, with a median of 30 days. Headache was 
present in all but one patient and papilledema was evident 
in all patients when they were first examined. Transient 
visual obscurations at onset occurred in eight cases. 
Diplopia due to abducens nerve paresis was an initial, but 
not isolated, symptom in one patient. Visual loss was an 
initial symptom in none of the cases. 

Seven of the eight females were obese; the male patient 
was not obese. Two women had been taking oral contra- 
ceptives for over 3 months prior to onset of symptoms. One 
patient was being treated with tetracycline for acne for 
over 2 months before she developed headache. Five 
patients had menstrual irregularity. None had systemic 
hypertension or endocrine diseases. 

Seven patients had a normal visual field and acuity. 
Three of 18 eyes suffered mild visual impairment as man- 
ifested by visual acuity of 20/30 in one, constriction of pe- 
ripheral field in one, and nerve fiber-related defect in the 
other eye. In none of them did the visual deficit interfere 
with their day-to-day routine. 

Three patients received oral corticosteroids; the rest 
were treated with repeated lumbar punctures, diuretics, 
and weight reduction. Follow-up ranged from 5 months to 
15 years; median, 2.7 years. One patient had a recurrence 
during follow-up. In none did the visual loss progress. The 











State of 
Louisiana’? 


State of 
lowa'* 





1 1 2 


2914000 4 481 000 519000 
27 48 18 
8:1 4.3:] 1:0 
67 69 74 

22.2 D 30.0 
0.9 1 L 
a Tot, 3.6 
3.5 eax 2 10.3 
ae cus 20.2+ 

19.34 14.98 
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data from the present series are compared with other ep- 
idemiologic studies on IIH in Table 3. 


COMMENT 


The average age-adjusted incidence rates of IIH in 
Rochester per 100000 persons are 0.9 for the total and 1.6 
for females of all ages. This tends to be a disease of early 
female adulthood with annual rates per 100000 of 3.3 in 
women between the ages of 15 and 44 years, and 7.9 in 
women of the same age group with a body mass index of 
more than 26. Although the results of this study are based 
on a small group of patients, it is our impression that it 
achieved the requirements of an ideal epidemiologic 
study, namely, precise diagnosis, well-defined population 
denominator, long period of observation, and a virtually 
complete ascertainment of symptomatic patients. 

Idiopathic intracranial hypertension is considered to be 
a rare disorder based on hospital experience. Boddie et alí 
diagnosed IIH in 34 patients in a regional neurologic cen- 
ter in Newcastle-upon-Tyne, England, over a 12-year pe- 
riod. During one decade, 120 adult patients with IIH were 
seen at the Neurological Institute of New York, NY.! Rush® 
described 63 patients seen at the Mayo Clinic between 1961 
and 1978. In an analysis of 110 patients seen over 30 years 
in Glasgow, Scotland, not more than 17 cases were seen in 
a 5-year period.’ Seventeen cases came from Charity Hos- 
pital in New Orleans, La, between 1949 and 1958.'8 Final- 
ly, 65 patients were seen in 28 years at an ophthalmology 
hospital in Iowa? and six cases were noted from Kenya in 
4 years.” On the other hand, a recent article, based on hos- 
pital experience, suggested a higher frequency of ITH in the 
Saudi Arabian population.” 

The only population-based study on IIH from the United 
States is by Durcan et al'* who surveyed all neurologists, 
ophthalmologists, and neurosurgeons in Iowa, eastern Ne- 
braska, and Louisiana over a 1-year period and determined 
an incidence rate per 100 000 population of 0.9 in the general 
population, 3.5 in females 15 to 44 years of age, and 19 in 
obese women aged 20 to 44 years. The only other epidemi- 
ologic study on this disorder came from Benghazi, Libya, 
where the reported annual incidence rates per 100 000 per- 
sons were 1.7 for the total, 3.5 for females of all ages,” 10.3 
for females 15 to 44 years of age, and 20.2 in obese women 
aged 15 to 44 years (KR, unpublished data). In neither study 
were the rates standardized for the age distribution of the 
population.'*"* Furthermore, in the US study, information 
on the population census and prevalence of obesity were 
based on data 5 years earlier than the period of the study. 

The incidence of IIH in countries such as Libya”? and 
Saudi Arabia” is likely to be higher than in the West be- 
cause of the high prevalence of obesity among females of 

_the reproductive age group. To delineate the geographic 
= variation in the incidence of IIH, more epidemiologic 
studies are warranted. 

Several previous hospital-based or referral center studies 
have emphasized vision loss as a frequent sequela of IIH. For 
example, severe visual deficits have been reported in up to 
25% of hospital-based patients with HH.” Moderate to se- 
vere vision loss occurred in 30% of the Libyan population- 
based series’? in which a majority of the patients presented 
late with advanced visual impairment. Twenty-two percent 
of the patients reported in the epidemiologic study from Io- 
wa" had visual loss, although the authors did not report the 
severity and the course of the visual deficit in detail. In our 
series, only two patients had mild visual deficits, and these 
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did not impair their normal functioning. Because of the close 
proximity to the Mayo Clinic, persons in Rochester are likely 
to receive early diagnosis and therapeutic intervention. Per- 
haps this was a factor in the benign visual outcome of our 
patients. Median duration of symptoms prior to diagnosis in 
the Rochester series was 30 days (range, 1 to 90 days); these 
data are not available for the other two population-based 
studies.'*'* As has previously been suggested,” early diag- 
nosis and therapy to reduce intracranial hypertension plus 
close follow-up for the early detection of visual impairment 
may prevent or reverse the visual loss in ITH. 

The female preponderance and high frequency of obesity 
found in many previous articles were confirmed in our 
study. Two recent case-control studies found no association 
between ITH and menstrual irregularity, pregnancy, endo- 
crinopathies, or the use of oral contraceptives, corticoster- 
oids, antibiotics, vitamins, or other medications.2!2 Because 
of the small number of cases in our study, it is not possible 
to evaluate risk factors reported to be associated with ITH.2"! 
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On the Preservation of Syntax in Alzheimer’s Disease 


Evidence From Written Sentences 


Susan Kemper, PhD; Emily LaBarge, EdD; F. Richard Ferraro, PhD; Hintat Cheung, MA; 
Him Cheung, PhD; Martha Storandt, PhD 


e We examined the syntactic complexity of single written 
sentences elicited from 368 adults undergoing examination 
for possible Alzheimer’s disease. The clause length and 
composition of the sentences varied with the severity of de- 
mentia. The nondemented adults’ sentences contained 
more propositions, main and secondary verbs, and con- 
junctions than those produced by the mildly and moderate- 
ly demented adults. Sentence length in clauses, proposi- 
tional content, and the use of conjunctions and main and 
secondary verbs discriminated among stages of the severity 
of the disease. The present results suggest that, while 
dementia severity affects written linguistic output, such 
output is, nonetheless, grammatic and coherent. 
(Arch Neurol. 1993;50:81-86) 


major issue in the study of language and dementia is 
the extent to which some aspects of language are 
“buffered” or protected from the effects of cognitive 
decline, whereas other aspects of language are highly sen- 
sitive to disruption due to dementia.'* Syntax appears to 
be preserved in demented adults, although semantic and 
pragmatic aspects of language appear to be disrupted.*"” 
This finding, as well as convergent evidence from studies 
of aphasia, suggests that the language system is modular 
and that each module can be differentially affected by 
neurologic trauma or disease.'*"* Alternatively, it may be 
that automatic processes, including syntactic processes, 
may be relatively spared by neurologic trauma or disease, 
whereas volitional processes, including semantic pro- 
cesses, may be impaired.°*'* Although most investigators 
agree that syntax is buffered from the effects of dementia, 
some have claimed that the language of demented adults 
regresses to the simplified forms characteristic of the early 
stages of language development"; simplified language 
has also been reported as a characteristic of severely 
demented adults.'°”” 
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The present study sought additional evidence regarding 
the effects of Alzheimer’s disease on syntax. It differs from 
previous studies in two regards. First, the data were 
adventitiously collected; the data were written responses 
to one item from a large, multitest psychometric battery. 
The adults were instructed, “Write a sentence for me.” 
These sentences were subjected to a detailed syntactic 
analysis. Second, the data were aggregate over a large 
number of individuals, and psychometric test data were 
used to interpret the results of the sentence analysis. The 
use of aggregate data permitted the detailed analysis of 
responses from a large number of individuals and the use 
of statistical techniques to quantify the relationship be- 
tween dementia and syntactic complexity. Most previous 
studies concerning the language of demented adults have 
involved small samples of 10 to 15 individuals, and most 
have used objectively scored tests, often those designed for 
the diagnosis of aphasic disorders. 

In this study, the individual sentences were analyzed by 
means of the Developmental Sentence Scoring (DSS). The 
DSS was chosen on the basis of a previous analysis of 11 
different metrics for assessing the complexity of normal, 
healthy older adults’ language.” This analysis established 
that DSS is strongly correlated with other metrics.”” The 
DSS has two advantages over these other metrics: first, it 
is rapidly and reliably applied to code a large number of 
sentences, and second, it yields not only a composite score 
for each sentence but also a profile of major sentence con- 
stituents. In addition to DSS, the length of each sentence in 
words and clauses was determined and the number of 
propositions in each sentence was determined to assess 
whether there were changes in sentence length or infor- 
mational content associated with dementia. 


PATIENTS AND METHODS 
Sample 


The data for this study were obtained from the Patient Regis- 
try of the Washington University (St Louis, Mo) Alzheimer’s Dis- 
ease Research Center. Registrants are recruited through referral 
from St Louis area physicians and announcements in the news 
media; they participate in numerous studies conducted by the 
Alzheimer’s Disease Research Center. Many are followed up lon- 
gitudinally and tested annually or semiannually. The data for the 
present study are from the first sentence-formulation task ad- 
ministered to each registrant; the data were collected between 


Preservation of Syntax—Kemper et al 81 





rants Contributing Sentences to the Present Analysis 


Clinical Dementia Rating 


0.5 

M 60 33 

F 114 42 
Age, y 72.0+9.6 74.4+10.0 
Education, y 13.822.7 12.73.5 
Boston Naming 

Test score 53.7 -"6.5 44.4+11.4 
WMS Digits 

Forward 6.9+1.1 6.1+1.4 
WMS Digits 

Backward 4.9+1.4 4.1+1.6 
WAIS Information 20.6+4.5 14.4+5.5 
WAIS Block 

Design 29.6+8.5 2122110 
WAIS Digit 

Symbol 44.5+12.1 31.3411.8 
Token Test 38.3+2.2 35.1+5.4 


F 
(3367) 
42 

49 21 aes 
72.7+7.9 77.5+8.1 4.78 +.18 
12.6+3.3 11.1+3.4 3.96 ~.19 
34.94+12.5 22.9+12.3 19.14 ~ 33 
6.1+1.1 5.3+1.5 13.48 —.39 
2.9+1.5 2.3+1.2 30.52 ~ 55 
9.6+4.8 4.8+3.3 92.38 — 73 
12.6+9.8 3.2+6.6 61.01 —.68 
21.3+12.7 8.3+8.7 73.32 —.69 
29.9+7.4 22.7+8.1 58.79 —71 


*Values are mean+SD unless otherwise specified. WMS indicates Wechsler Memory Scale; WAIS, Wechsler Adult Intelligence Scale. 


February 1984 and October 1990. Individuals were not included 
in the sample if they had reversible dementias or other neurolog- 
ic, psychiatric, or medical disorders that might contribute to 
dementia.” 


Diagnostic and Staging Criteria 


The diagnosis and clinical rating of severity of dementia were 
based on a 90-minute semistructured clinical interview and neu- 
rologic examination conducted by the research physicians of the 
Alzheimer’s Disease Research Center’s Clinical Core. Part of the 
clinical interview was conducted with the registrant, and part was 
conducted with a knowledgeable collateral source. Clinical inter- 
views were recorded on videotape and reviewed by another re- 
search physician. Reliability of the dementia severity ratings was 
satisfactory, with weighted x values ranging from .75 to .94.% 

The criteria for the diagnosis of dementia of the Alzheimer’s 
type included (1) impaired memory plus impaired cognitive 
ability in at least two of five areas (orientation, judgment and 
problem solving, community affairs, home and hobbies, and per- 
sonal care), (2) gradual onset and progression of the disorder, and 
(3) duration of 6 months or longer.” These criteria have been val- 
idated by postmortem neuropathologic examination.” Of the 92 
registrants diagnosed as having dementia of the Alzheimer’s type 
in whom autopsies were performed as of January 1, 1992, neuro- 
pathologic findings by the Alzheimer’s Disease Research Center’s 
Neuropathology Core confirmed the diagnosis of Alzheimer’s 
disease in 89 cases (97%). 

The stage of dementia was determined by the Washington 
University Clinical Dementia Rating (CDR).***’ This global 
clinical judgment is based on the degree of impairment in each of 
the six areas of diagnostic criterion 1 above. A CDR of 0 indicates 
no dementia; 0.5, questionable or very mild dementia”; 1, mild 
dementia; 2, moderate dementia; and 3, severe dementia. The 
CDR scale is ordinal but not necessarily interval. 


Psychometric Test Battery 


The original version of this battery has been described in detail 
in previous reports from the center.” Because the battery is part 
of an ongoing multidisciplinary research effort, it has undergone 
several revisions. In 1984, a sentence formulation procedure was 
added toward the end of the test battery. The registrant was giv- 
en a writing utensil and an 8.5X11-in blank sheet of paper and 
told, “Write a sentence for me.” These written responses are the 
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focus of the present analysis. They are similar to item 10 from the 
Mini-Mental State Examination. A related analysis of the 
graphical features of these written sentences is reported in a 
companion article.” 

Also reported in this article are results from selected tests from 
the psychometric battery. These tests were selected from a larger 
battery of tests for two reasons: (1) each test is widely used in 
studies of normal aging and language and (2) they provide a 
comprehensive profile of the registrants’ cognitive and linguistic 
abilities. These tests include the Information, Block Design, and 
Digit Symbol subtests of the Wechsler Adult Intelligence Scale,” 
the 60-item version of the Boston Naming Test,** the Digits For- 
ward and Digits Backward tests from the Wechsler Memory 
Scale,” and the Token Test.® All tests except the Boston Naming 
Test were administered in the standard manner. A revised pro- 
cedure was used to administer the Boston Naming Test: all items 
were administered beginning with the first item, and no phone- 
mic cues were given. 

All registrants were tested individually by trained psychome- 
tricians who were unaware of the diagnosis or stage of dementia. 
Generally, the psychometric battery was administered at the 
medical center within 1 or 2 weeks of the clinical interview per- 
formed by the physicians. Some home visits, including nursing 
home visits, were made as necessary. The psychometric battery 
required approximately 2 hours to administer. Data from indi- 
viduals with severe dementia (CDR, 3) were not used in the 
present study because these registrants were unable to perform 
many of the the psychometric tests and most were unable to write 
a sentence. 

The registrants whose written sentences were analyzed in 
the present study were selected from a larger pool by three 
criteria: (1) psychometric test data for the Wechsler Adult 
Intelligence Scale and Wechsler Memory Scale items, the Bos- 
ton Naming Test, and the Token Test were available, (2) the 
psychometric tests were administered on the same date as the 
sentence formulation task, and (3) each response was an orig- 
inal, complete sentence. Table 1 presents a profile of these 368 
registrants. Table 1 also reports (1) the results of a one-way 
analysis of variance for each measure with CDR as the 
between-subjects factor, all P<.05, and (2) the r, obtained from 
a Spearman rank-order correlation of each measure with the 
CDR ratings, all P<.05. Rank-order correlations were used 
because the CDR scale cannot be assumed to be interval. Age 
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was somewhat positively correlated with severity of dementia 
whereas educational level was somewhat negatively correlated 
with severity of dementia. Performance on each of the psy- 
chometric tests was negatively correlated with severity of 
dementia. 


Sentence Analysis 


The primary data for this analysis were the written responses 
by each registrant to the sentence formulation task. Each response 
was scored on three dimensions. First, the length of each sentence 
in words and clauses was determined. Second, each response was 
scored by means of the Developmental Sentence Scoring (DSS) 
system." This system assigns points to each sentence with respect 
to the occurrence and the complexity of indefinite pronouns, per- 
sonal pronouns, main verbs, secondary or embedded verbs, neg- 
atives, conjunctions, yes-no question forms, and wh- question 
forms. A total DSS point count is tallied for each response, and a 
profile of the individual constituents is obtained. For this analy- 
sis, the use of indefinite and personal pronouns was collapsed into 
one scoring category, as was the use of yes-no and wh- questions. 
Thus, six categories of grammatic constituents were profiled: 
pronouns, main verbs, secondary verbs, negatives, conjunctions, 
and questions. Third, each response was propositionalized.” A 
proposition corresponds to a basic idea, typically a verb with one 
or more arguments, an adjective or adverb, or a prepositional 
phrase. Examples are provided in Table 2. 


Reliability of These Analyses 


One judge performed all of the sentence analyses for the entire 
corpus of 368 sentences. A second judge performed the DSS anal- 
ysis for 50 randomly chosen sentences; interjudge agreement was 
94% for the total DSS score. A third judge performed the propo- 
sitional analysis for another 50 randomly chosen sentences; inter- 
judge agreement was 88%. 


RESULTS 


Table 3 presents the results of the sentence analysis and 
reports (1) the results of a one-way analysis of variance for 
each measure with CDR as the between-subjects variable 
and (2) the r, obtained by regressing each measure on the 
CDR ratings. The primary findings were that there was a 
progressive decline in sentence length in clauses, in the 
occurrence and form of main verbs, secondary verbs, and 
conjunctions, and in propositional content with the sever- 
ity of Alzheimer’s dementia. The sentences produced by 
the moderately demented registrants were shorter and 
simpler than those produced by the nondemented and 
very mildly demented registrants. 

A matrix of correlations among the sentence measures is 





presented in Table 4. Several clusters of correlations are 
apparent. First, negatives and questions did not contribute 
very strongly to the DSS total score, whereas the DSS total 
score was strongly correlated with the occurrence and 
form of main and secondary verbs, pronouns, and con- 
junctions. Second, sentence length in clauses, the number 


Table 2.—Example Sentences and Their Analysis 


Sentence Today is a nice | walked in the park 
day. today before | came 
to the hospital. 
No. of words 5 12 
No. of clauses 1 2 
DSS points 
Pronouns 0 2 (two 1st-person 
pronouns) 
Main verbs 1 (copula) 3 (irregular past) 
Secondary verbs 0 8* (subordinate 
clause) 
Negatives 0 0 
Conjunctions 0 6 
Questions 0 0 
Total DSS points 2t 20t 
Propositions 2 7 
Sentence When can I go | wonder how the 
home? new baby is today. 
No. of words 5 


No. of clauses 


DSS points 
Pronouns 1 
Main verbs 4 
Secondary verbs 0 
0 
0 


(1st person) 1 (1st person) 
(modal auxiliary) 1 (uninflected) 
8* (wh- clause) 
0 
6 (wh- 
complementizer) 


Negatives 
Conjunctions 


3 (temporal 
question) 
Total DSS points 9t 


Propositions 2 


Questions 


*The Developmental Sentence Scoring (DSS) system was modified by 
the addition of two levels of secondary verbs to allow for the production 
of relative clauses (seven points) and that-, wh-, and subordinate claus- 
es (eight points). 

+One point is credited if the response is a sentence, plus additional 
points for each constituent. 


Table 3.—Results of the Sentence Analysis* 


Clinical Dementia Rating 


0.5 


F (3367) 


No. of words 
No. of clauses 


DSS points 
Pronouns 
Main verbs 
Secondary verbs 
Negatives 
Conjunctions 
Questions 


Total DSS score 


Propositions 


*Values are mean+SD. DSS indicates Developmental Sentence Scoring. 
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6.83.0 
2021.7 


1.1+0.4 
2.2+2.4 
3.32.2 
0.5+0.3 
3.2+1.0 
1.6+0.6 


6.7+6.1 
3.62.1 


6.32.7 
1.30.4 


1.2+0.7 
2.0+1.4 
cy ae Pa 
0.50.4 
2.1+1.4 
1.90.2 


5.15.1 
2.4+1.4 
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Table 4.—Matrix of Correlations Among the Sentence Measures* 











Main 
Verbs 


Secondary DSS 
Verbs Negatives Conjunctions Questions Score 










Words Clauses Pronouns 







Propositions 






Words 


Clauses 










Pronouns 





Main verbs pe 
Secondary verbs SIT .78t 334 12 













Negatives 154 .18+ gi 10 .07 Hier 

Conjunctions 29T fat 25+ 10 33t .07 s 

Questions —.00 04 .09 —.05 —,03 ~ 03 —.06 ; 

Total DSS Score .63t .82+t 59t A6t 7 8t .20t SZF .10 
Propositions AOt A5t 19t .29¢ SIF .00 .02 —.01 -30t 






*DSS indicates Developmental Sentence Scoring. 
tP<.001. 
+P<.01. 


DSS total score 


of propositions, and total DSS score were strongly inter- 
correlated. This pattern suggests that the decrease in sen- 
tence length in clauses and the decrease in propositions 
results from the loss of conjoined or embedded secondary 
verbs because conjunctions and embeddings contribute to 
the number of clauses and the number of propositions oc- 
curring in the sentences. 

Three sentence measures (sentence length in clauses, 
DSS total points, and propositions) were selected for fur- 
ther analysis. To investigate whether these measures were 
predicted by the cognitive status of the registrants, a series 
of hierarchical multiple regression analyses were per- 
formed. In these analyses, the registrants’ ages were 
entered on the first step and their educational levels (years 
of formal schooling) were entered on the second step; all 
of the available psychometric scores were entered in a 
stepwise fashion on the third step. At each step, only those 
predictor variables were retained in the regression equa- 
tion whose partial correlation with the dependent lan- 
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Table 5.—Results of the Hierarchical Multiple Regression Analyses of Word Length in Clauses, 
and Propositions* 






Age Diy 5 ee 
Education 4.88 1,366 13 02 
Psychometric tests 
Token Test 14.51 2,365 45 .20 
Digits Backward 24.48 3,364 58 34 
Digits Forward 12.14 4,363 61 = Vg 
Length in clauses 
Age NS 
Education NS 
Psychometric tests 
Token Test 16.16 1,366 19 .04 
Digits Forward 22.47 2,365 .60 36 
Digits Backward 34.17 3,364 .68 46 
Propositions 
Age NS Pn RA: wink 
Education 1.61 1,366 .09 .01 
Psychometric tests 
Boston Naming 54.23 1,365 34 he 
Token Test 31.59 2,364 46 .21 
Information 23:18 3,363 .48 23 


*DSS indicates Developmental Sentence Scoring; NS, not significant. 






DSS Total Points, 
























guage measure was significant at P<.05 or better for the 
F-to-enter statistic. Thus, at each step, any improvement in 
prediction of the resulting equation reflects the contribu- 
tion of that step after the effects of all previously entered 
variables have been partialed out. 

Table 5 summarizes the results. Age did not contribute 
to any of these regression equations. Approximately 37% 
of the variance in total DSS score was predicted by educa- 
tion and performance on the Token, Digits Backward, and 
Digits Forward tests. Table 5 also indicates that 46% of the 
variance in sentence length in clauses was accounted for by 
the performance on the Token, Digits Forward, and Digits 
Backward tests. Education and performance on the Boston 
Naming, Token, and Wechsler Adult Intelligence Scale In- 
formation tests accounted for 23% of the variance in the 
number of propositions. 

A discriminant analysis was also performed to deter- 
mine whether the CDR groups could be discriminated on 
the basis of their sentences. In this analysis, the language 
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_ Table 6.—Pooled Within-Group Correlations Among 
the Discriminating Variables and the Canonical 
Discriminant Functions 

















Propositions 


Length in clauses 72 14 
Conjunctions .03 SS 
Main verbs .39 54 
Secondary verbs 24 52 


Pronouns 





Questions 
Length in clauses te 


Negatives 


measures were entered initially as discriminating vari- 
ables, and two discriminant functions were obtained; total 
DSS score was not used in this analysis to avoid problems 
with multicolinearity. The first function accounted for 89% 
of the variance; propositions and sentence length in claus- 
es loaded on this function. After this first function was de- 
rived, the residual discrimination was \=.95, x7(24)=18.88, 
and P=.76. This indicated that a slight improvement in 
discrimination accuracy would be gained by specifying an 
additional discriminant function. The second discriminant 
function accounted for an additional 10% of the variance; 
main verbs, secondary verbs, and negatives loaded on this 
function. With two functions derived, the residual dis- 
crimination was \=.99, x7(14)=3.93, and P=.99. Hence, no 
improvement in discrimination would be gained by spec- 
ifying additional discriminant functions. The discriminant 
functions are given in Table 6, and Table 7 presents the 
classification of cases based on these two functions. The 
Figure plots the group means for each discriminant 
function. 

The two discriminant functions correctly classified 89% 
of the cases. Misclassifications were most common for 
those with very mild dementia (CDR, 0.5); 85% were cor- 
rectly classified, 7% were misclassified as nondemented, 
and 8% were misclassified as mildly or moderately de- 
mented. The discriminant functions in Table 6 and the 
function group means in the Figure indicate that sentence 
length in clauses and propositional content, loading on 
function 1, progressively decline with the severity of 
dementia. The sentences produced by nondemented pa- 
tients contained more clauses and propositions than those 
produced by the other three groups. The sentences pro- 
duced by those with very mild dementia contained some- 
what more clauses and propositions than those produced 
by the mildly and moderately impaired groups. The use of 
conjunctions, main verbs, and secondary verbs, loading on 
function 2, also discriminated among groups; the nonde- 
mented registrants and those with very mild dementia 
used more of these linguistic forms than did the mild and 
moderately impaired groups. The nondemented regis- 
trants and the very mildly demented patients were also 
discriminated by function 2. The use of pronouns, nega- 
tives, questions, and sentence length in words did not dis- 
criminate among groups. 


COMMENT 


The major finding of this study is that written linguistic 
output was reduced as the severity of Alzheimer’s demen- 
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Table 7.—Classification of Cases on the Basis of 
Discriminant Analysis* 


Predicted CDR Group 

Membership, % 
Actual Group 
Membership 0 0.5 1.0 2.0 


0 (not demented) 90 7 3 0 
0.5 (very mildly 

demented) 7 85 4 4 
1.0 (mildly demented) 0 7 90 


2.0 (moderately demented) 


*CDR indicates Clinical Dementia Rating. 


wn 
C 
as 
w 
2 
a 
= . 

O ~ _ Function 2 
g Se 


Function 1 


0 0.5 1 
(Not (Very Mildly (Mildly 
Demented) Demented) Demented) 


Clinical Dementia Rating 


2 
(Moderately 
Demented) 





Group means for each discriminant function. 


tia increased. Information content, measured by the num- 
ber of propositions, declined with progressive dementia, 
as did sentence length in clauses and the occurrence and 
form of main verbs, secondary verbs, and conjunctions. 
Although the written sentences of mildly and moderately 
demented adults contained fewer propositions, clauses, 
verbs, and conjunctions than those of nondemented adults, 
the mildly and moderately demented adults nonethe- 
less produced complete, grammatically well-formed 
sentences. 

These syntactic changes associated with progressive de- 
mentia appear to be related to general cognitive declines 
associated with Alzheimer’s disease. The loss of clause 
embeddings and subordination reflected in the DSS total 
score and clause length measures appears to be associated 
with a gradual decline of working memory capacity, as 
measured by forward and backward digit span or the To- 
ken Test. The loss of information content reflected in the 
number of propositions per sentence appears to be associ- 
ated with general cognitive declines and semantic impair- 
ments, as measured by the Boston Naming Test, the 
Wechsler Adult Intelligence Scale Information test, and the 
Token Test. 

The large sample surveyed in the present study and the 
inclusion of very mildly impaired, mildly impaired, and 
moderately impaired individuals together with the use of 
psychometric test data help to clarify earlier findings. Pre- 
vious claims that simplified language is associated with the 
final stages of Alzheimer’s dementia’ are confirmed, as 
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is the claim that the syntax of demented adults is gram- 
matically well formed and grammatically diverse.’* The 
language of moderately demented adults is syntactically 
simple but not ungrammatic. Hence, syntax is not entirely 
buffered from the effects of dementia in that, as the 
semantic or propositional input to the syntactic system 
declines, the production of grammatic constructions is in- 
creasingly constrained to single-clause forms, and as 
working memory capacity declines, further limitations on 
the production of grammatic constructions occur. It ap- 
pears that the syntactic rule system is preserved even in the 
later stages of Alzheimer’s dementia, although its output 
is constrained by various cognitive limitations.” 

The present study also suggests that the analysis of 
written language samples collected as part of dementia 
screening tests could help in the diagnosis of the very mild 
stage of dementia of the Alzheimer’s type. Whereas most 
nondemented adults responded with multiclause sen- 
tences involving elaborated main verbs, subordinate or 
embedded secondary verbs, and causal or temporal con- 
juctions, those with very mild dementia tended to respond 
with simplier sentences involving fewer clauses, verbs, 
and conjunctions. Syntactic simplifications in written lan- 
guage may be an early marker of the onset of Alzheimer’s 
disease. 

To confirm this hypothesis, further longitudinal analy- 
ses of both oral and written language samples collected 
from dementing adults are required. Such analyses must 
not only document what grammatic constructions occur, 
but they must also provide comparative information 
regarding the structure of adults’ language at different 
stages of the disease. Complexity metrics, such as DSS, are 
available and can be used to quantify the effects of cogni- 
tive changes on language” to assist with the diagnosis of 
dementia. 


This research was supported in part by National Institute on Ag- 
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Cognitive Functioning After Common Whiplash 


A Controlled Follow-up Study 


Bogdan P. Radanov, MD; Giuseppe Di Stefano, MA; Ayesha Schnidrig, MA; 
Matthias Sturzenegger, MD; Klaus F. Augustiny, MA 


e A random sample of 98 patients with common whiplash 
was examined early after trauma (mean+SD, 7.33.9 days) 
and again 6 months later. Cognitive functioning was as- 
sessed in conjunction with complaints, pain intensity, well- 
being, subjective cognitive impairment, neuroticism, and 


L medication. At 6 months, 67 patients had fully recovered 


~ 


K 


(asymptomatic group), while 31 were still symptomatic 
(symptomatic group). Symptomatic patients who were old- 
er at baseline, had a greater variety of symptoms, higher 
neck pain intensity, and greater subjective cognitive im- 
pairment. At baseline, both groups scored poorly on tests 
requiring complex attentional processing. All neuropsycho- 
logical functions improved to normal at 6 months in both 
groups. This improvement cannot be explained by a prac- 
tice effect, as shown by the results of normal volunteers. The 
symptomatic group showed delayed recovery regarding 
complex attentional functioning, which may be related to 
adverse effects of medication. ! 
(Arch Neurol. 1993;50:87-91) 


pee cognitive functioning after whiplash injury has 

been frequently documented.” Mainly poor concen- 
tration? and attentional deficit*” have been cited in the lit- 
erature. Cognitive impairment after common whiplash 
may account for reduced work capacity of patients and is 
also relevant from a socioeconomic and medicolegal 
viewpoint. 

Although global testing has not revealed impairment of 
higher cognitive functions (eg, memory), altered atten- 
tional processing appears to play an essential role in the 
common whiplash syndrome.*® However, prospective 
studies of cognitive performance in patients with common 
whiplash that used random sampling are still lacking. The 
aim of the present study was to examine cognitive func- 
tioning of randomly selected patients with common whip- 
lash shortly after trauma and again 6 months later, 
comparing the results with those of normal volunteers. 
Focus was placed on basic cognitive functions, eg, concen- 
tration and attention, in conjunction with factors possibly 
influencing cognitive performance of patients. 

In accordance with previous reports,* common whiplash 
in this study was defined as a musculoligamental sprain/ 
strain of the cervical region without fractures or disloca- 
tions of the cervical spine or herniation of the interverte- 
bral disks. Additionally, common whiplash excludes any 
head contact injury or alteration of consciousness. 
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PATIENTS AND METHODS 


Letters were repeatedly distributed to primary care physicians 
asking for the referral of patients who had recently suffered com- 
mon whiplash within the shortest possible time after trauma. At 
the time of referral, baseline examination was performed. Patient 
therapy remained the responsibility of the referring physician. 
Inclusion criteria were the type of injury in accordance with the 
above definition, German as the native language, and no trauma 
or neurologic disorder in the patient's history. Because of test 
norms, the age of patients to be investigated was limited to 55 
years. Of 152 consecutively referred patients, 39 failed to meet the 
criteria, while 15 dropped out at the 6-month examination 
(follow-up examination). Subjects in the present study (n=98) 
were injured exclusively in automobile accidents and were fully 
covered by insurance schemes. (According to the Swiss Accident 
Insurance System, the treating physician is responsible for 
confirmation of disability, which may follow injury. In case of 
injury-related disability, the patient receives a proportional 
amount of salary regardless of liability. The system, however, 
does not provide compensation for noneconomic loss, such as 
pain and suffering. If permanent disability is expected, which is 
the case when presumably no therapeutic measure is likely to 
improve the patient’s health status, a permanent disability 
assessment is automatically initiated. This usually happens many 
months after the accident.) 

At the follow-up examination, the study group (n=98) was di- 
vided into a symptomatic group (n=31) and an asymptomatic 
group (n=67), and findings at baseline and the follow-up exam- 
ination were analyzed. At baseline, the groups differed with re- 
spect to age and average educational attainment (Table 1). 

Examinations at baseline and follow-up consisted of the 
following: complete physical examination, including neurologic 
evaluation by a neurologist and cervical spine roentgenograms 
(only at baseline); semistructured interviews; assessment of 
attentional functioning; and self-ratings of well-being and cogni- 
tive ability. At baseline, all patients were additionally assessed 
with respect to neuroticism. 

Interviews focused on subjective complaints. Additionally, 
neck pain and headache intensity were rated by patients on a 
scale of 0 (no pain) to 10 (maximal pain). The following factors 
cited in the literature as possible indicators of severity of 
whiplash injury were assessed: (1) the timing of the onset of 
initial neck pain or headache’; the earlier the onset of these 
complaints, the more severe the injury’; and (2) restriction of 
neck movement early after injury (ie, at baseline examination), 
which has been suggested as an additional indicator of sever- 
ity of damage." Careful screening for medication at baseline 
and the follow-up examination was performed. Medication 
used was coded according to its possible influence on cogni- 
tive ability. For example, all medication containing psychotro- 
pic substances, such as central-acting muscle relaxants, was 
coded as medication possibly influencing cognitive ability. 


Assessment of Cognitive Function 


We include only a brief description of the applied tests. Details 
are available in the original and related literature cited below. 
Attention span was assessed for the auditory modality by the 
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*Interval between injury and baseline examination. 
tCalculated by Mann-Whitney U test. 
Calculated by x? test; NS indicates not significant. 


Digit Span, which is a subtest of the Wechsler Memory Scale,” and 
for the visuospatial modality by the Corsi Block Tapping Test.” 
Scoring for both was total items recalled, in forward and reverse 
order (normal range for both was 10 to 11 items). 

The Number Connection Test,'? which requires connecting 
numbered circles from 1 to 90 in order, is a monitoring task that 
essentially aims at focused attention. Four timed trials were per- 
formed. The final score was average time in seconds for all four 
trials. Normal ranges were 64 to 85 seconds. 

The Trail Making Test, parts A and B,'* were used. The Trail 
Making Test, part A (TMT-A), requires connecting consecutively 
numbered circles, while part B (TMT-B) involves alternating let- 
ters and numbers. Scoring was the time in seconds to finish each 
of the parts. Normal ranges were 19 to 29 seconds for TMT-A and 
45 to 69 seconds for TMT-B. 

In the Paced Auditory Serial Addition Task (PASAT), while 
listening to a recorded series of single digits, patients have to add 
up digits continuously, always two at a time: the second to the 
first, the third to the second, and so on (ie, 7+5=12, 5+3=8, etc), 
verbally reporting each sum to the clinician. The test consisted of 
five trials containing 60 digits each. The intervals between 
consecutive digits for five trials were 2.4, 2.0, 1.6, 1.2, and 0.8 sec- 
onds. Several patients from both groups were unable to perform 
the two fastest trials. To include these patients in the discussion 
of the results, the level of performance was recorded by the av- 
erage error score of the completed trials. The score for normal 
controls on this task was 11.4 (normal range, 6.6 to 15.4 errors). 

To test for a practice effect of retesting the patients, scores on 
tests of cognitive functioning were compared with those of 10 
normal voluteers (mean age, 32.1+5.0 years; mean educational 
attainment, 13.2+2.5 years) who underwent the same testing and 
retesting procedure during a 3-month interval. 


Additional Tests 


Additionally, in the patient group, the following formal tests 
were performed. 

Self-rated cognitive ability was assessed by the Cognitive Fail- 
ures Questionnaire (CFQ).'® The CFO includes 25 questions, each 
identifying real-life circumstances in which individuals can rate 
the change in their cognitive abilities as a result of injury. An 
overall score of 30 or greater indicates a significant impairment 
in cognitive ability.’® 

Self-rated well-being was assessed by the Well-being Scale 
(WBS). Impaired well-being is a facet of negative affectivity" of 
patients, which might influence symptom reports, such as cogni- 
tive complaints. Scores greater than 17 (mean, 11; normal range, 
4 to 17) reflect a significantly impaired well-being." 

Neuroticism, which is considered to influence symptom re- 
ports'’*”” and is therefore relevant for cognitive complaints, was 
assessed at baseline by means of the neuroticism scale from the 
Freiburg Personality Inventory (FPI-N).”° 


Statistical Analyses 


Data were analysed by means of the Statistical Package for the 
Social Sciences” and included (1) group differences calculated by 
the Mann-Whitney U test; (2) group comparisons on dichotomous 
variables calculated by the x’ test; (3) correlations performed with 
Pearson’s correlation coefficient (r); (4) analysis of covariance 
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Table 1.—Basic Data of the Study Group (n=98) as Assessed at Baseline 


Groups as Defined Educational 
After Follow-up Age, y Attainment, y 
Examination (Mean+SD) (Mean+SD) 






Asymptomatic (n=67) 29.0+8.5 13.1227 28/36 36 (56) 
Symptomatic (n=31) 36.5+10.2 11.6+1.8 9/19 17 (61) 6.9+4.5 
Difference U=567.0, P<.O1t U=721.0, P<.01ł NS# NS# NSt 






Interval,* 
d (Mean+SD) 


Rear-End Collision, 
No. (%) 


Gender, 
No. M/F 




























(ANCOVA) conducted to test the group differences on formal 
testing; and (5) the possible practice effect on cognitive perfor- 
mance (eg, during testing-retesting), analyzed in the volunteers 
and the patient groups by Hotelling’s T? test using scores of all 
cognitive tests (ie, Digit Span, Corsi Block Tapping, Number 
Connection test, TMT-A and TMT-B, and PASAT) as variables. 
Hotelling’s T* test was calculated by means of the statistical 
package BMDP.” 


RESULTS 
Subjective Complaints 


The most frequent symptoms in the entire sample (n=98) 
at baseline were neck pain and headache (Table 2). Addi- 
tonally, the symptomatic group had a higher relative inci- 
dence of almost all symptoms. The average onset of initial 
neck pain was 7.0+15.1 hours in the symptomatic group vs 
11.9=16.9 hours in the asymptomatic group (Mann- 
Whitney U=663.5, P=.038). The average onset of headache 
after injury was 9.0+16.2 hours in the symptomatic group 
and 10.3+13.2 hours in the asymptomatic group (U=491.0, 
P=.24). Restricted neck movement at baseline was found in 
77% of the symptomatic group vs 48% of the asymptom- 
atic group (x*=7.05, P=.007). At baseline, a significant dif- 
ference was found between the groups with regard to neck 
pain intensity (Table 3). No patient suffered from symp- 
toms fulfilling criteria for posttraumatic stress disorder 
according to the Diagnostic and Statistical Manual of Mental 
Disorders, Revised Third Edition.” 

Although not the topic of this study, it is noteworthy that 
no major neurologic deficits were found. In accordance 
with the definition (see above), no radiologic damages 
were recorded. Six patients from the symptomatic group 
showed disability at the follow-up examination. Four of 
them worked part-time (25% to 50% reduction), while two 
patients did not work at all. No patient initiated litigation 
during the follow-up (see also the information given pre- 
viously on the Swiss Accident Insurance System). 


Cognitive Functioning 


To compare results of formal testing at baseline and the 
follow-up examination, ANCOVA was performed with 
the use of groups (symptomatic and asymptomatic) as the 
factor variable. As the groups differed with regard to age 
and the average educational attainment, ANCOVA was 
performed with age and educational attainment used as 
covariates. Additonally, to test the effect of medication on 
test performance, medication possibly influencing cogni- 
tion was also used as a covariate. 

The results (Table 4) show that at baseline both groups, 
on average, scored below the normal range on tasks 
requiring complex attentional processing (ie, TMT-B and 
PASAT). There were no differences between the asymp- 
tomatic and symptomatic groups on cognitive testing 
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Table 2.—Symptoms at Baseline and Follow-up Examinations* 


Baseline 


Asymptomatic Group 
(n=67) 


59 (88) 
34 (51) 
29 (43) 
24 (36) 
10 (15) 


Symptomst 
Neck pain 
Headache 
Shoulder pain 
Back pain 
Blurred vision 
Dizziness 
Finger paresthesia 
Difficulty in swallowing 
Fatigue+ 
Anxiety§ 
Sleep disturbances 
Sensitivity to noise 
Irritability 
Poor concentration 


Forgetfulness] 


Follow-up Examination, 
Symptomatic Group 
(n=31) 
25 (81) 
25 (81) 
17 (55) 
11 (36) 
11 (36) 
9 (29) 3 (10) 
5 (16) 7 (23) 
1 (3) O (0) 
21 (68) 19 (60) 
15 (48) 10 (32) 
23 (74) 13 (43) 
12 (39) 9 (29) 
10 (32) 13 (42) 
11 (36) 15 (48) 
10 (32) 10 (32) 


Symptomatic Group 
(n=31) 


30 (97) 
21 (68) 
19 (61) 
12 (39) 
13 (42) 





*There were significant differences between the groups in respect to finger paresthesia (P<.05) and blurred vision, sleep disturbances, and for- 


getfulness (P<.01). 
tA combination of symptoms should be considered. 


+Although no chronic fatigue was assessed, subjects reported increasing levels of fatigue during the day with involvement in different activities. 
§Phobic reaction as a consequence of being a driver or passenger in congested traffic. No posttraumatic stress disorder was diagnosed in any of 


the groups. 


Difficulties in falling asleep and/or sleep interruption due to pain exclusively. 
J When interviewed about forgetfulness, patients reported difficulties in acquiring information because of impairment in following the information 


flow. No real memory impairment was assessed. 


Table 3.—Self-rated Pain Intensity 


Intensity* 


eS eh ee E yO oe = eee a. ee 


Baseline 


Asymptomatic 
Group (n=67) 
(Mean+SD) 


3.68+2.13 
2.49+2.86 


Symptomatic 
Group (n=31) 
(Mean+SD) 


5.1921.9 
3.7443.12 


Neck pain 
Headache 





Mann-Whitney U Test Follow-up Examination, 


Symptomatic Group (n=31) 
(Mean+SD) 


4.35+2.53 
4.86+2.92 


*Pain intensity was rated by the patients on a scale of 0 (no pain) to 10 (maximum pain). 


(ANCOVA, main effect). Results, however, showed (Table 
4) that the lower scoring in the symptomatic group at 
baseline on tests requiring less complex attentional func- 
tioning may be age related, while educational attainment 
mainly appeared to influence complex attentional func- 
tioning (eg, PASAT) (Table 4). Medication had little influ- 
ence on cognitive functioning at baseline. 

At the follow-up examination, both groups showed 
markedly improved cognitive functioning (Table 5). Re- 
sults of both the asymptomatic and symptomatic groups 
on all tests but the TMT-B in the symptomatic group were 
within the normal range. There were no differences 
between the groups (ANCOVA, main effect). However, 
the slightly lower scoring (ie, delayed recovery) in the 
symptomatic group appeared to be accounted for by dif- 
ferences in age and educational attainment and the med- 
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ication used. Medication possibly influencing cognitive 
ability had a considerable effect on tasks requiring com- 
plex attentional processing (eg, TMT-B and PASAT). 

Significant changes in global cognitive performance be- 
tween baseline and follow-up examinations were found by 
Hotelling’s T? test in both groups (T*=313.0, F=48.21, 
P<.0001 in the asymptomatic group vs T*=85.25, F=11.84, 
P<.0001 in the symptomatic group). In normal volunteers 
at retesting, there was no significant improvement in glo- 
bal cognitive performance (T*=54.0, F=4.00, P=.10). 

At baseline, correlations between neck pain or headache 
intensity on the one hand and scores on formal testing 
(neuropsychological tests, WBS, and CFQ) on the other 
were between r=.01 and r=.19 for both the entire sample 
(n=98) and the asymptomatic and symptomatic groups. 

At the follow-up examination in the symptomatic group, 
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Analysis of Covariance 


Oe ae ee RT. ee E E 


Score (Mean+SD) 


Asymptomatic 
Group (n=67) 


Symptomatic 
Group (n=31) 
9.6+1.6 
10.8+1.7 
81.3#19.5 
26.3+9.7 
74.0+23.5 
19.4+10.0 


10.7 £1.8 
11.3+1.4 
70.1+14.5 
22.7/+7.8 
69.8+31.2 
15.0+8.0 


Digit Span 


Corsi Block Tapping 


Number Connection Test 
Trail Making Test, part A 
Trail Making Test, part B 
PASAT 


Main Effect 


Covariate 


CU 0 ee ee en. ee a eee 


Medication Education 


P 





Analysis of Covariance 


en en eee ee 


Score (Mean+SD) 


‘SPR Se ee ee 
Asymptomatic 


Symptomatic 
Group (n=31) 
10:72. 
LERET.S 
69.5+16.0 
23.3+8.7 
69.3+24.4 
13.0+7.4 


Group (n=67) 
10.8+1.7 
11.8215 
61.7+13.8 
20.4+7.2 
59.9+23.4 

8.5273 


Digit Span 

Corsi Block Tapping 
Number Connection Test 
Trail Making Test, part A 
Trail Making Test, part B 
PASAT 


Covariate 


a Se Te Te a eth aT | 


Medication Education 
Se i ae 


P 





*NS indicates not significant; PASAT, Paced Auditory Serial Addition Task. 


correlations between neck pain and headache intensity and 
scores on neuropsychological tests were between r=.002 
and r=.50. At the same time in the symptomatic group, 
correlation between self-rated well-being (WBS) and neck 
pain intensity was r=.34, and the respective correlation for 
headache intensity was r=.37. In this group at the follow- 
up examination, the correlation between neck pain inten- 
sity and self-rated cognitive ability (CFQ) was r=.32, and 
that between headache intensity and CFQ was r=.29. 


Self-ratings 


At baseline, both the asymptomatic group (mean+SD, 
15.5+13.0) and the symptomatic group (mean, 22.8+17.9) 
scored within the normal range with respect to self-rated 
cognitive ability (CFQ), for which no significant difference 
was found (F=0.983, P=.32). For this rating, the asymp- 
tomatic group at the follow-up examination on average 
scored 13.6+10.1 vs 24.7+14.1 in the symptomatic group. 
For self-rated cognitive impairment, there was a significant 
difference at the follow-up examination (F=9.410, P=.003). 

With respect to self-rated well-being (WBS), both groups 
at baseline scored high (mean, 15.9+14.4 in the asymp- 
tomatic group vs 20.1+11.7 in the symptomatic group). 
There was no significant difference between the groups on 
WBS (F=1.104, P=.29). While the symptomatic group at 
baseline on this rating scored in the pathologic range, at the 
follow-up examination both groups scored within the 
normal range on the WBS (mean, 6.9+7.5 in the asymp- 
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tomatic group vs 10.4+9.4 in the symptomatic group). 
There was no significant difference between scores on the 
WBS at the follow-up examination (F=0.946, P=.33). 

In neuroticism testing (FPI-N) at baseline, there was no 
significant difference between the groups (F=1.143, P=.28), 
both of which scored within the normal range. 

At baseline, correlations between neuroticism (FPI-N) 
and self-rated well-being (WBS) were r=.34 in the entire 
sample, r=.37 in the asymptomatic group, and r=.27 in the 
symptomatic group. Correlations between neuroticism 
(FPI-N) at baseline and self-rated cognitive ability (CFQ) 
were r=.18 in the entire sample, r=.31 in the asymptomatic 
group, and r=.07 in the symptomatic group. 


COMMENT 


The aim of this study was to assess the cognitive function- 
ing of patients who had recently suffered common whiplash. 
We employed clearly defined injury criteria for screening, 
together with random sampling procedures, and assessed 
cognitive functions in conjunction with factors possibly in- 
fluencing patients’ cognitve ability. It is additionally impor- 
tant to emphasize that all patients were fully and equally 
covered by insurance plans. This rules out the possibility that 
the course of recovery from symptoms and results on formal 
testing were related to the ability to claim compensation. For 
these reasons, the results presented in this study should be 
generalizable to patients with common whiplash. We think 
that the following points should be highlighted. 
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Ja 


Six months after injury, patients with common whiplash 
scored within the normal range on neuropsychological 
testing. It is therefore possible that the long-term impair- 
ment of cognitive functions in patients with whiplash 
found in previous studies*® may be related to the selection 
of patients investigated in those studies. 

At baseline, patients with common whiplash were not- 
ed to have performed considerably worse on tasks requir- 
ing complex attentional processing (ie, TMT-B and PA- 
SAT). There was an improvement in cognitive functioning 
in both the asymptomatic and the symptomatic groups 
during the follow-up period. This improvement cannot be 
explained by a practice effect, as shown by the results of 
normal volunteers. However, patients from the symptom- 
atic group showed a smaller degree of improvement with 
regard to tasks requiring complex attentional processing. 
These finding suggest some change in cognitive equilibri- 
um in the symptomatic group. It is possible that, under 
certain real-life circumstances requiring greater effort than 
on the time-limited testing in this study, this group may 
encounter considerable cognitive difficulties. As the anal- 
ysis shows, the results of the symptomatic group on tasks 
requiring complex attentional processing at the follow-up 
examination appear to be due to the adverse effect of the 
medication used. In view of these findings, results of pre- 
vious studies*® indicating long-lasting cognitive impair- 
ment in patients with whiplash may be accounted for by 
the failure to clarify sufficiently the influence of the med- 
ication used in their patients. 

On the basis of previous research,* the weak to moder- 
ate correlation between headache or neck pain intensity 
and the scores reflecting cognitive impairment was unex- 
pected. The influence of pain on cognitive functioning 
found in previous studies* may be due to the following: 
(1) previous studies’ investigated highly selected patients; 
or (2) previous studies* examined patients who suffered 
significant head injury in addition to whiplash injury. 

The high scores, however, without differences between 
the symptomatic and asymptomatic groups at baseline 
with regard to self-rated well-being (WBS) emphasize that 
somatic complaints and not the patients’ psychological 
state primarily determine the course of recovery. Corre- 
spondingly, the patients’ well-being improved in associa- 
tion with the recovery from symptoms. As the scores of 
self-rated well-being decreased in both groups during 
follow-up, we conclude that there was a considerable de- 
gree of adaptation to symptoms also in the symptomatic 
group. This reasonably rules out the possibility that scores 
of self-rated well-being were influenced by factors unre- 
lated to injury, such as malingering. 

The higher percentage of almost all symptoms, the ear- 
lier onset of initial neck pain, the higher percentage of re- 
stricted neck movement, the greater neck pain intensity, 
and the higher self-rated cognitive impairment in the 
symptomatic group at baseline suggested that this group 
may have suffered more severe injury. 

The neuroticism score (FPI-N), which in both groups 
was within the normal range, correlated moderately with 
subjective complaints, such as well-being (WBS) or cogni- 
tive impairment (CFQ) at baseline. In accordance with 
previous studies,'*’’* these results indicate that neuroti- 
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cism is relevant for symptom reports, but its influence 
cannot be extended to the prediction of recovery from 
symptoms, especialy regarding cognitive functions. 


CONCLUSION 


In summary, results from this study do not support the 
existence of major cognitive impairment after common 
whiplash. However, the results do indicate some change in 
the cognitive equlibrium of patients, which may, at least in 
part, be related to the type of medication used. This should 
remain a consideration during treatment, particularly with 
respect to patients’ work capacity. 
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Memory Evaluation in Alzheimer’s Disease 


Caregivers’ Appraisals and Objective Testing 


Elisabeth Koss, PhD; Marian B. Patterson, PhD; Ray Ownby, MD, PhD; 
Jon C. Stuckey, PhD; Peter J. Whitehouse, MD, PhD 


e Objectives.—To evaluate if caregivers are reliable infor- 
mants concerning memory deficits in patients with Alz- 
heimer’s disease (AD). 

Design.—Responses of caregivers of patients with prob- 
able AD and responses of healthy control subjects on a 
standardized memory questionnaire were compared with 
objective measures of cognition (Consortium to Establish a 
Registry for Alzheimer’s Disease neuropsychological bat- 
tery) and with clinical estimates of activities of daily living, 
depression, and psychopathology (Consortium to Establish 
a Registry for Alzheimer’s Disease [CERAD] clinical assess- 
ment battery) using the Self-report Memory Questionnaire. 

Setting.—A federally funded AD research center. 

Subjects.—The referred sample included 117 patients 
with probable AD, their informants, and 41 healthy control 
subjects age-matched to the patients. Patients and control 
subjects were between the ages of 58 and 85 years, had be- 
tween 9 and 19 years of education, and were in good health. 

Exclusions.—Patients who did not meet NINCDS- 


eer questionnaires have been developed as a re- 

sponse to the limitations of laboratory paradigms as 
tools for understanding memory in older adults, and their 
ecologic validity and ease of administration make them 
attractive to older persons. The use of memory question- 
naires or rating scales of memory functioning seems 
promising in patients with Alzheimer’s disease (AD) 
because the questionnaires or scales may provide infor- 
mation not obtainable by laboratory testing. While objec- 
tive testing provides in-depth knowledge of important as- 
pects of memory dysfunction in persons with AD, it 
reveals little about the everyday manifestations of this 
dysfunction. Furthermore, rating scales of memory func- 
tioning can be applied in situations in which laboratory 
testing is impossible. 
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ADRDA criteria of probable AD. 

Main Outcome Measure.—The optimal number of ques- 
tionnaire items yielding the best combination of sensitivity 
and specificity. 

Results.—An abbreviated version of the scale, renamed 
the Short-Memory Questionnaire, had excellent specificity 
and sensitivity for identifying dementia. Positive and nega- 
tive predictive values were 63.5% and near 100%, respec- 
tively. The Short-Memory Questionnaire showed good reli- 
ability, internal consistency, and external validity. 
Caregiver appraisals of memory deficits significantly corre- 
lated with objective measures of memory and also with 
generalized cognitive dysfunction. 

Conclusions.—Caregivers of patients with AD are reliable 
informants of their relatives’ deficits. The Short-Memory 
Questionnaire is an easily administered, informant-based 
scale that may be useful in clinical settings or epidemiolog- 
ic studies to screen out persons with memory difficulties. 

(Arch Neurol. 1993;50:92-97) 


Several researchers have observed that questionnaires 
involving brain-damaged patients may be reliable and 
valid supplements to laboratory tests if they are based on 
the responses of a reliable informant.'* The use of an 
informant is of particular importance in dementia because 
memory problems and impaired awareness of deficits are 
likely to be major features of the disease.*” 

Several types of memory questionnaires are avail- 
able.*'' Some of the questionnaires record knowled ge, be- 
liefs, and emotions about memory”; others record self- 
reported memory failure. Self-reported memory failure 
developed for laboratory research on older adults without 
dementia'*"* are comprehensive questionnaires but may be 
too lengthy or too difficult for clinical use. Few question- 
naires are designed to measure reported memory loss in 
patients with dementia. McGlone et al reported promis- 
ing results of a new, unpublished questionnaire as an ad- 
junct to other cognitive instruments for diagnosing de- 
mentia. However, data were based on a small sample, and 
psychometric information was not reported. The Demen- 
tia Questionnaire developed by Silverman et al!®!” is a 
comprehensive telephone interview designed to diagnose 
dementia among relatives of patients diagnosed with AD. 
This questionnaire incorporates evaluations of language, 
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possible causes of dementia, and family awareness. The 
sensitivity of the memory subscale alone has not been 
evaluated. 

Gilewski and Zelinski,’ after reviewing the existing lit- 
erature on memory questionnaires, recommended the 
Memory Self-report Questionnaire (MSRQ) of Riege'® for 
its brevity and the operational definition of its items. This 
scale was developed to assess memory of healthy older 
adults and included questions about various aspects of 
memory. We investigated the applicability of this ques- 
tionnaire to patients with AD by requesting caregivers of 
these patients to complete it. Healthy elderly control sub- 
jects completed the questionnaire themselves. To gain fur- 
ther understanding of the relationship between subjective 
and objective appraisal of memory, we compared care- 
givers’ estimates of the patient’s memory to their evalua- 
tions of the patients on activities of daily living and 
behavioral disturbance scales, to a clinician’s evaluation, 
and to objective measures of memory, dementia severity, 
and other cognitive functions. 

This study investigates several questions: (1) whether a 
self-report memory questionnaire developed for healthy 
older persons can be applied as an informant-reported in- 
strument to a cognitively impaired population; (2) wheth- 
er the MSRO can differentiate between individuals with 
AD and healthy elderly subjects and among patients with 
AD at different severity levels; and (3) what the relation- 
ship is between informant reports and objective measures 
of memory and other functions. 


SUBJECTS AND METHODS 
Subjects 


All control subjects and patients with probable AD enrolled in 
the Case Western Reserve University/University Hospitals of 
Cleveland (Ohio) Alzheimer Disease Research Center registry 
who were between the ages of 58 and 85 years and who had more 
than 8 years but fewer than 20 years of formal education were in- 
cluded in this study. The diagnosis of probable AD was made us- 
ing current research criteria in accordance with the NINCDS- 
ADRDA definitions.” All patients and controls were in good 
health. The initial sample included 117 patients with probable AD 
and 41 controls. We did not use informants for our controls be- 
cause many of the control subjects were spouses of the patients 
with AD. All caregivers lived with the patients and were knowl- 
edgeable about the patients’ everyday memory. Protocols with 
more than three unanswered items (ie, 10% of the questionnaire 
items) were eliminated. This led to the exclusion of 34 patients 
with AD and two control subjects. The final group thus consisted 
of 83 patients with AD and 39 control subjects. 

Patients with AD were grouped by dementia severity based on 
their performance on the Mini-Mental State Examination 
(MMSE).* Twenty-six were mildly impaired (MMSE score of 
=20) , 28 were moderately impaired (MMSE score between 19 and 
14), and 29 were severely impaired (MMSE score of <13). Table 
1 summarizes the demographics of patients and controls and 
the severity levels of the three AD groups. Controls were 
approximately the same age as the patients. On average, controls 
were slightly better educated, and this difference was significant. 
Both groups included more women than men, but the gender 
ratios were the same in both groups (x?=.13 [df=1] , P was not 
significant). 


Instruments 


Memory Self-report Questionnaire.—The questionnaire con- 
sists of 32 questions rated on a 4-point scale ranging from “almost 
never” to “almost always.” The original questionnaire had 30 
items. Two items that required answers to two different questions 
were divided into four questions for this study. Twenty of the 
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hic Data for Patients 
ontrols* 


AD Controls P 


n 83 39 all 
Age 72.35+6.90 70.13+6.40 NS 


Table sada 
an 
















Gender ratio (M:F) 31:52 16:31 
Education, y 13.25+2.40 15.46+2.60 <.0001 
Severity (MMSE scores) 15.23+6.40 

Mild AD (n=26) 21.85+0.66 

Moderate AD (n=28) 16.54+1.69 

Severe AD (n=29) 8.03+4.33 





*AD indicates Alzheimer’s disease; MMSE, Mini-Mental State 
Examination. 


items were categorized by Riege’® into four nonoverlapping cat- 
egories based on four raters’ judgments. These categories are de- 
scribed as short-term, interfered, perceptual, and imaginal remember- 
ing. Each category contained five questions. Questions relating to 
short-term remembering include situations of recall from pri- 
mary memory and efficient coding (eg, “If the telephone assis- 
tance gives you a number, can you dial it without writing it 
down?”), whereas interfered remembering considers situations in 
which an older person may have difficulties because of informa- 
tion overload” or interference by distractors (eg, “Can you shop 
for groceries without a list and not forget any items?”). Percep- 
tual remembering refers to memory in context-dependent situa- 
tions (eg, “If someone calls you, can you give him or her direc- 
tions to your house?”). Imaginal memory includes situations in 
which visualization would provide the main cues for remem- 
bering (eg, “Can you remember what clothes you wore yester- 
day?”).” Riege reported over 80% agreement among judges asked 
to categorize the items, and an unpublished cluster analysis 
yielded the same four categories. 

Consortium to Establish a Registry for Alzheimer’s Disease 
(CERAD) Clinical and Neuropsychological Battery—The 
CERAD* clinical assessment battery includes a depression scale, 
a general medical history, a measure of activities of daily living 
(a modified version of the Blessed Dementia Scale”), the six-item 
Short Blessed Test,” and a Clinical Dementia Rating scale.”°” 

The CERAD neuropsychological battery includes the following 
subtests: Verbal Fluency (animal category), Modified Boston 
Naming Test? MMSE,” Word List Memory,” Constructional 
Praxis,” and Word List Recall and Recognition.” The CERAD test 
battery has been found to have excellent reliability and validity 
Over a wide range of dementia severity.” 

Brief Psychiatric Rating Scale.—This widely used psychopa- 
thology rating instrument™ quantifies clinical observations of pa- 
tients’ affective and behavioral characteristics through ratings on 
16 separate dimensions. 


Data Analysis 


To simplify presentation of the results, all questions were scored 
so that higher scores indicated better memory (this required re- 
versing the scoring on questions 2, 5, 15, 22, and 26). Two items (2 
and 6) yielded greater than 20% missing responses and were ex- 
cluded from the analysis. Also, item 30 (“Do you remember one 
of the first questions of this questionnaire without looking back?”) 
was excluded because it had a skewed score distribution (probably 
due to the dichotomous nature of the question). 

A factor analysis of the 29 retained MSRQ items was performed 
for the AD group data to determine if the scale was measuring a 
unitary dimension of memory or whether, as might be expected 
based on Riege’s categorization of scale items, the scale measured 
several dimensions of memory. 

Discriminant analyses were performed to assess the usefulness 
of the scale in identifying patients with AD and to determine 
whether an abbreviated version of the scale would discriminate 
among patients at different severity levels of dementia. 

Although it is desirable to cross-validate discriminant analyses 
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using two distinct samples, the size of our group precluded this 
approach. We therefore used the “jackknife” validation proce- 
dure.” This procedure provides an estimation of the probable 
shrinkage of the discriminant function if it were to be cross- 
validated on a separate sample. In this approach, successive dis- 
criminating functions are calculated for n—1 subsets of the sam- 
ple, each time removing a different member of the sample from 
the analysis. 

External validity of the questionnaire was evaluated with 
Pearson Product-Moment Correlation coefficients. A significance 
level of P less than .01 was adopted to protect against spurious 
significance arising from multiple comparisons. 

To determine whether a cutoff score could be used as a reliable 
index of the presence of memory problems consistent with AD, 
analyses of sensitivity and specificity were done for various cut- 
off scores. The score representing the best overall combination of 
sensitivity and specificity was determined. Positive and negative 


Table 2.—Discriminant Analysis of Patients With 
Mild AD and Controls: Classification Table* 


Predicted Group 
Membership 



















Mild AD 


Patients with mild AD 26 26 0 
% 


Controls 
% 





Controls 





*AD indicates Alzheimer’s disease. Percentage of “grouped” cases 
correctly classified: 100.0%; percentage of “grouped” cases classified 
with the jackknife composite: 91.9%. 





1. Can he/she remember what clothes he/she wore 
yesterday? 














7. Can he/she recall where his/her ride will meet him/her? 
8a. Can he/she recall his/her telephone number? 


11. Can he/she shop for groceries without a list and not 
forget any items (5 items)? 
12a. Does he/she usually remember where he/she put his/her 
glasses? 
12b. Does he/she usually remember where he/she put his/her 
keys? 
15. Does he/she forget birthdays in his/her family? 


16. If someone calls him/her, can he/she give that person 
directions to his/her home? 


17. After leaving, can he/she remember whether he/she 
locked his/her house? 


20. When he/she leaves the supermarket, can he/she 
remember how much change he/she received? 


21. Can he/she describe what he/she did last Sunday 
afternoon? 

22. Does he/she have to be reminded of things that his/her 
spouse or someone else has asked him/her to do? 


26. Is it difficult for him/her to find the words that he/she 
wants to use? 













27. Can he/she recall all his/her financial obligations (bills, 
bank accounts, savings)? 





Table 3.—Short-Memory Questionnaire* 


Almost Almost 
Questions Never Sometimes Often Always 


predictive values were computed% based on a 10% disease 
prevalence.” 


RESULTS 


Item intercorrelations were evaluated with a principal 
component analysis.* A principal factor solution was then 
obtained and rotated to VARIMAX criteria. Examination of 
the eigenvalues and the screen test suggested the possibil- 
ity of three factors that accounted for 48.3% of the variance. 
However, the aggregation of items argued for the existence 
of a single factor. Factor 1 included 24 items from all 
memory categories. Factor 2 accounted for 7.2% of the 
variance and included three items. Factor 3 included only 
one item. Because the factor analysis suggested the exist- 
ence only of a global memory impairment factor, no 
attempt was made to calculate subscale scores. 

Results of the first discriminant analysis performed to 
distinguish between mild AD and healthy controls are 
presented in Table 2. Fourteen variables were included in 
the single discriminant function obtained. Only these 14 
variables were selected to form a modified scale, the 
Short-Memory Questionnaire (Short MQ) (Table 3). The 
scores on each of these items were summed to yield a total 
score. The total score of this 14-item scale was highly 
effective in differentiating mildly impaired patients with 
AD from healthy controls, with 100% of the patients cor- 
rectly classified and a jackknifed composite of 91.9%. 

An analysis of covariance indicated that the observed 
differences between the patients and controls remained 
significant, even after controlling for education. We are 





0 0 0 

0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 


*Item numbers are those of the original scale.'® Scoring key: almost never=1; sometimes=2; often=3; almost always=4. Scores on items 15 and 
26 should be subtracted from the total because they have a reverse meaning. A total score of less than 40 is suggestive of disproportionate cognitive 


difficulties. 
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Table 4.—Discriminant Analysis of All Patients With 
AD: Classification Table* 


Predicted Group 
Membership 


Patients 
With AD 


Severe 
% 
Moderate 
% 
Mild 
% 
*AD indicates Alzheimer’s disease. Percentage of cases correctly 


classified: 66%; percentage of cases classified with the jackknife com- 
posite: 61.45%. 


therefore confident that education was not a major con- 
founding variable. A second discriminant analysis was 
performed to determine the usefulness of the Short MQ in 
differentiating among patients with AD with different se- 
verity levels, as expressed by MMSE scores. The classifica- 
tion analysis is presented in Table 4. 

Two discriminant functions were obtained. Examination 
of the classification results shows that most misclassifica- 
tions were in adjacent groups, ie, severely impaired 
patients with AD were misclassified as moderately im- 
paired and moderately impaired patients were misclassi- 
fied as mildly impaired. The 14-item scale was moderately 
useful in differentiating among patients with AD of vary- 
ing severity, with 66% of the patients correctly classified 
and a jackknifed composite of 61.4%. 


Psychometric Properties of Abbreviated Scale: Short MQ 


A principal factor solution was obtained on the Short 
MQ. Examination of the eigenvalues and application of the 
screen test suggested that two factors should be retained 
for rotation. However, the analysis showed that almost all 
items had high loadings on factor 1, which accounted for 
37.3% of the common variance. Factor 2 accounted for 8% 
of the common variance. These results confirm the unidi- 
mensionality of memory items included in the Short MQ 
for patients with AD. 

Reliability.—Reliability analysis yielded a Cronbach’s a 
value of .85 for the patients with AD on the Short MQ scale. 
This additional indication of the homogeneity of the scale 
further argues against the characterization of independent 
memory factors in our patients with AD. 

External Validity—Pearson Product-Moment Correla- 
tion coefficient of the Short MQ with the AD patients’ scores 
on objective memory tasks and other cognitive variables; 
with caregivers’ subjective evaluation of activities of daily 
living and psychopathology (Blessed Dementia Scale and 
the Brief Psychiatric Rating Scale); with clinicians’ assess- 
ment of dementia staging and depression; and with demo- 
graphic variables are summarized in Table 5. Memory vari- 
ables included estimates of primary memory (trial 1 of the 
CERAD list learning), secondary memory (delayed recall of 
the CERAD list learning), and recognition memory 
(CERAD). Other cognitive functions included mental sta- 
tus (Short Blessed Test), semantic retrieval (CERAD cate- 
gories), and constructional praxis (CERAD). For compar- 
ison, the Pearson Product-Moment Correlation coefficients 
for the original MSRQ are also presented. 

Findings indicate that the external validity of the Short 
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Table 5.—Correlation Between the Short MQ Scores 
and Objective Memory Tests, Cognitive Functions, 
Caregivers Estimates, Clinicians Evaluation, and 

Demographic Variables for All Patients With AD* 











Category 





Memory 
Primary 23 NS 12 NS 
Secondary 35 









Recognition 17 NS 22 NS 
Cognitive functions 

Constructional praxis 41  <.001 40 <.001 

Expressive language .40 <.001 27. =a 

Short Blessed Test =.50. <.001 —-.46 <.001 





Care givers reports 
ADL 


Clinical evaluation 








BPRS 29 | -<.01 —i25 NS 

CDR =) . <i01 —.36:. <.001 

Depression 15 NS Az NS 
Demographic variables 

Age =t NS t0 NS 






Education 





*MQ indicates Memory Questionnaire; AD, Alzheimer’s disease; 
MSRQ, Memory Self-Report Questionnaire; ADL, activities of daily liv- 
ing; BPRS, Brief Psychiatric Rating Scale; CDR, Clinical Dementia 
Rating; and NS, not significant. 

tOne-tailed significance. 


MQ is the same as that of the whole scale. The scores of 
patients with AD on the Short MQ significantly correlated 
with delayed recall but not with recognition memory or 
primary memory. However, the most significant correla- 
tion was observed between the Short MQ and caregivers’ 
appraisals of the patients’ activities of daily living profi- 
ciency. In fact, the Short MQ scores correlated with all 
cognitive variables, including constructional praxis, ex- 
pressive language abilities, and mental status. Memory 
scale scores negatively correlated with the physician’s 
evaluation of dementia staging and with greater psycho- 
pathology, as measured by the Brief Psychiatric Rating 
Scale, but were independent of clinical indicators of 
depression. The relationship between age or education and 
the Short MQ scores was not significant. 

Sensitivity, Specificity, and Predictive Value.—Table 6 
summarizes the results of a one-way analysis of variance 
on the Short MQ for the control subjects and the three AD 
patient groups. It can be seen that scores for the Short MQ 
differed significantly by group. Post hoc comparisons 
(Tukey’s Honest Differences) indicated that scores were 
significantly different between the control subjects and 
each of the three AD groups as well as between mildly and 
moderately impaired patients with AD and mildly and se- 
verely impaired patients with AD. Short MQ scores of 
moderately and severely impaired AD groups were not 
significantly different. 

Further, cross-tabulations indicated that a score of 40 or 
greater on the Short MQ correctly classified 78 of 83 
patients with AD and misclassified no controls. This 
translated into a sensitivity of .94 and a specificity of 1.00. 
Based on an estimated AD prevalence of 10%, the positive 
predictive value of the test (using a cutting score of 40) is 
63.5%, and the negative predictive value of the Short MQ 
is near 100%. 
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Table 6.—ANOVA on the Short MSRQ for Controls 
and Patients With AD*t 


Mean Scores 


Controls 


Patients with AD 
Mild 
Moderate 
Severe 


*ANOVA indicates analysis of variance; AD, Alzheimer’s disease. 
tF=155.9, P=.001. See text for post hoc comparisons. 


COMMENT 


The results of our study suggest that caregivers’ ap- 
praisals of patients with AD are a valid proxy of labora- 
tory measures of memory and cognition. The memory 
questionnaire we used appears to have excellent negative 
predictive value for dementia. Because Riege’s original 
questionnaire yielded only a generalized memory impair- 
ment factor, we tried to increase the efficiency of the scale 
in identifying individuals with memory impairments. A 
14-item subset of the original scale, renamed the Short MQ, 
showed substantial capacity to discriminate between mild 
AD cases and healthy control subjects, without loss in ex- 
ternal validity. The psychometric characteristics of the 
Short MO as an assessment instrument were evaluated. 
The scale possessed good internal consistency. Demo- 
graphic characteristics of the cases and controls and their 
educational achievements did not correlate with the Short 
MO scores, suggesting that the Short MQ responses were 
not confounded with these variables (despite an initial 
small, but significant, difference in education between pa- 
tients and controls). The lack of correlation with education 
could reflect the limited range of education level in this 
sample, as is characteristic of most volunteer samples at 
university centers. The Short MQ therefore has some use- 
ful psychometric properties. 

The scale had a fairly wide discriminating window be- 
cause scores differed significantly for controls and for 
mildly and moderately demented patients with AD. The 
relative reduction in discriminating power of the Short MQ 
for patients with more advanced dementia indicates a lack 
of sensitivity of the modified scale for more severely 
affected patients. This is not surprising because the origi- 
nal scale was developed for healthy elderly persons. 

The literature provides mixed data on the relationship 
between subjective appraisal of memory deficits and 
objective memory measures.” Memory tasks used for val- 
idation have been criticized for not measuring the same 
performance assessed by questionnaires.*'’* These criti- 
cisms do not appear to apply to this instrument. The 
caregivers’ perceptions of their relatives’ memory ability 
were closely related to the patients’ performance on a va- 
riety of clinical tests. 

That the Short MQ correlated with a variety of perfor- 
mance indexes warrants further discussion. These correla- 
tions may reflect that, in general, deficits do not occur in 
isolation in patients with AD.'’*' Alternatively, it is possi- 
ble that caregivers’ appraisals of their relatives’ memory 
were affected by their knowledge of the patient’s other 
difficulties. As such, observed correlations might only in- 
dicate that caregivers acted as reliable informants. In any 
event, our results confirm that informant-based question- 
naires may be useful instruments for screening out indi- 
viduals who do not have significant cognitive deficits.*!”” 
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Our study has some limitations inherent in the design. 
We studied a well-characterized AD population. Further 
tests are needed to evaluate the usefulness of this scale in 
other populations, such as those with dementias of various 
origin, amnesiacs, depressed patients, and questionable 
AD cases. Low disease prevalence inevitably did decrease 
the usefulness of the scale by lowering its positive predic- 
tive probability, despite high initial sensitivity at the high- 
er base rate in our study. Also, it was disappointing that 
the scale provided only a global estimate of memory dys- 
function and generalized cognitive impairment and not an 
assessment of the specific type of memory deficits encoun- 
tered in patients with AD. Additionally, the scale is most 
informative for mild deficits since we decided to maximize 
the yield of the scale for the less-impaired patients. Final- 
ly, the use of informants for patients and not for controls 
might have introduced a special type of recall bias. 

Nevertheless, this study suggests several clinical and 
research applications for the Short MQ. The brevity, sim- 
plicity, concreteness of the questions, and excellent nega- 
tive predictive value of this revised instrument make it a 
promising candidate for an informant-based tool to screen 
out memory difficulties in epidemiologic studies of sub- 
jects who are dead or otherwise unavailable and it may be 
of use in clinical settings to assist in further evaluations. 
The Short MQ may also be valuable for the evaluation of 
global improvements in drug studies since it is sensitive to 
cognitive impairments over a fairly wide range of demen- 
tia severity. 
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Time Course of Cerebral Blood Flow Velocity in 
Central Nervous System Infections 


A Transcranial Doppler Sonography Study 


Hans-Peter Haring, MD; Hans-Klaus R6tzer, MD; Hermine Reindl, MD; Klaus Berek MD; 
Andreas Kampfl, MD; Bettina Pfausler, MD; Erich Schmutzhard, MD 


e Ina 3-year period, 110 patients with central nervous sys- 
tem infections of various causes were examined serially by 
means of transcranial Doppler sonography. In viral-induced 
infections, no changes of flow velocity in basal cerebral ar- 
teries were seen, whereas in bacterial meningitis, a signif- 
icant increase of blood flow velocity in the middle cerebral 
artery was recorded. Its extent was mainly associated with 
the type of the infectious agent, most frequently observed 
in pneumococcal meningitis (77%). The increase was up to 
100% of the baseline values and was reversible in all cases. 
All patients were offered full-scale neurointensive care, and 
all subjects with bacterial meningitis were fully heparinized. 
(Arch Neurol. 1993;50:98-101) 


T he prognosis of bacterial and viral meningitis is highly 

variable and depends on a variety of complications, 
as well as various aspects associated with the pathogenic 
agent. Despite the introduction of highly potent chemo- 
therapeutics, by which most bacterial pathogenic agents as 
well as herpes simplex virus can be contained, mortality 
and long-term sequelae are still unacceptably high.' This 
fact is in many instances due to secondary pathologic 
processes. 

During the acute phase of intracranial infections, focal or 
general epileptic seizures, increased intracranial pressure 
due to brain edema, hydrocephalus, subdural empyema, 
and abscess are known to lead to permanent or transitory, 
potentially life-threatening situations.'’ Furthermore, im- 
paired cerebral perfusion can lead to infarction, causing 
permanent neurologic deficit or even death.'*° Angio- 
graphic examinations showed narrowing of intracranial 
blood vessels as a possible cause of these cerebral ischem- 
ic events.’ 

The knowledge of pathogenesis, natural course, and, in 
particular, the optimal therapeutic management of this 
complication is still not satisfactory. Transcranial Doppler 
sonography (TCD), a noninvasive examination technique, 
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offers a unique possibility to gain insight into the dynam- 
ics of cerebrovascular circulation disturbances in case of 
central nervous system infection." 


PATIENTS AND METHODS 


During a 3-year period (1988 through 1990), 110 patients (62 
males and 48 females) with central nervous system infections of 
various causes were examined. The age range was 13 to 86 years 
(males: median, 27 years; range, 13 to 86 years; females: median, 
31 years; range, 17 to 69 years). Table 1 shows the distribution of 
the infectious agents: 37% were of bacterial origin, and in 24% a 
virus was identified either directly or indirectly. In 39%, the 
search for the pathogenic agent yielded no result. In most of these 
cases, however, a viral infection had to be assumed because of 
specific changes in the cerebrospinal fluid. 

The TCD was performed by means of a mobile examination 
device (TC2-64, EME Uberlingen, Germany). All patients were 
examined consecutively during a minimum period of 3 weeks on 
a daily basis. The flow velocities were measured transtemporally 
in the proximal segment (M1 segment) of the middle cerebral ar- 
tery. In several cases, the supraclinoidal segment of the internal 
carotid artery was examined transorbitally. 

To exclude misinterpretations of the flow velocities caused by 
ventilation in all mechanically ventilated patients, arterial carbon 
dioxide partial pressure was measured by means of either arte- 
rial blood gas analysis or capnography (end-tidal measure). In 
sufficiently spontaneously breathing patients, this additional in- 
formation was considered not to be essential. 

The results of the TCD measurements of the subgroups (bacte- 
rial and viral) were compared with each other and with normal 
values by means of Student’s t test. Reference values were derived 
from four series reporting on TCD readings in normal 
volunteers'''* and from our own data.” Statistical significance 
was assumed at P<.05. Hemodynamic data are given as 
mean+SEM. 


RESULTS 


Within the M1 segment of the middle cerebral artery, 
significantly increased flow velocities (P<.05) were found 
in bacterial meningitis, with different frequencies depend- 
ing on the pathogen (Fig 1). 

During the acute stage, the highest mean velocity data 
were found (usually on day 3 or 4) to be increased by up 
to 100% of the individual baseline value of the day of ad- 
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Pathogen 












Bacterial 41 (37%) 
Meningococci 17 
Pneumococci 14 
Borrelia burgdorferi 3 
Mycobacterium tuberculosis 3 
Staphylococcus aureus 2 
Peptococci 1 







Klebsiella 
Viral 26 (24%) 












Herpes zoster 12 
Herpes simplex 10 
Cytomegalovirus 3 
Epstein-Barr virus 1 






Unclassified 43 (39%) 





mission (Fig 2). Whereas the rise in mean velocity was 
rather steep (within 1 to 2 days), the values returned to 
normal levels usually within 14 days. After 21 days, all but 
one patient had returned to their initial values. In a young 
woman with meningococcal meningitis, this normaliza- 
tion took 29 days. 

The body temperatures were closely correlated with the 
course of the flow velocity pattern. In each case, an increase 
in the temperature preceded that of the flow velocity, 
whereas the decline was usually (in 68%) 2 to 4 days 
delayed. 

Neither clinically nor structurally (computed tomogra- 
phy, magnetic resonance imaging) was a transitory or per- 
manent ischemic lesion identified in any of these patients, 
although in 28% a hemispheric difference in flow velocities 
was detected. These differencies were gradual and never 
reached statistical significance. Although this could reflect 
different hemispheric blood flow, various insonation an- 
gles must be considered." 

In no patient suffering from definite or presumed viral 
meningitis were any of these observations made. In two 
patients suffering from herpes zoster ophthalmicus, the 
supraclinoidal segment of the internal carotid artery was 
examined transorbitally. Pathologic TCD patterns were 
not found in either patient. 

Table 2 shows a synopsis of all TCD findings with regard 
to the type of the infectious agent. 


COMMENT 


During the course of bacterial meningitis, life- 
threatening complications have to be considered, in par- 
ticular throughout the first week. Despite highly efficient 
antibiotics and the availability of intensive care facilities, 
high mortalities are still reported, ranging from 15% to 30% 
and being worst in pneumococcal meningitis.’ 

With respect to mortality and long-term sequelae, the 
pathogenic role of reduced intracranial perfusion in cases 
of central nervous system infection has been known for 
many years.'**° In the 1940s and 1960s, autopsy studies 
described secondary inflammatory changes of large in- 
tracranial blood vessels.'”'* Lyons and Leeds’ published 
the first case report of a 6-month-old child suffering from 
Haemophilus influenzae meningitis in whom they angio- 
graphically documented the presence of vasculitis. In fur- 
ther recent angiography-based series, these findings were 
confirmed.” '° Basal segments of blood vessels were most 
frequently involved.*”"° 
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Fig 1.—Percentages of significantly increased flow velocities in patients 
suffering from bacterial meningitis according to the type of infectious 
agent (Student's t test, P<.05). 
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Fig 2.—Time course of mean (+ SEM) middle cerebral artery (MCA) flow 
velocities during the observation period (21 days) in bacterial (top) and 
viral (bottom) meningitis. From day 3 to day 12, statistically significant- 
ly elevated mean velocity data were recorded in the bacterial subgroup. 
Asterisk indicates P<.05. 


Table 2.—Transcranial Doppler Findi 
to Pathogenic Agent* 


No. (%) 








ngs According Bs. 










Bacterial Viral Unclassified 






MCA Velocity (P) 






Significantly 
increased (<.05) 


Normal (>.05) 





32 (77) O (0) O (0) 
9 (23) 26 (100) 43 (100) 









*MCA indicates middle cerebral artery. 


However, it is still unclear whether the radiologically 
proved reduction in the diameter of the blood vessels is 
due to a secondary vasculitis with inflammatory thicken- 
ing of the blood vessel wall or to vasospasm. Invasive 
four-vessel angiography is not feasible for serial documen- 
tation of cerebral perfusion disturbances. Since the intro- 
duction of TCD, this method can be used as a noninvasive 
alternative in serial screening of the flow velocity and thus, 
possibly, perfusion disturbance in such patients with 
meningitis. In 23 (56%) of 41 patients with bacterial men- 
ingitis, a signficant increase in flow velocity (P<.05) was 
observed throughout the course of disease (Figs 1 and 2). 
Since the examinations were done serially, ie, daily, a tem- 
poral profile of the dynamics of blood circulation within 
the brain could be established: an increase in velocity of up 
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to 100% of the individual initial value was noted within 3 
to 5 days of disease. After the fifth day a slow decline in 
mean velocity was regularly seen (Fig 2). In all patients, the 
velocity changes were fully reversible. 

These TCD observations correlate in several aspects with 
reports in the literature. Gado et al? verified, by means of 
four-vessel angiography, stenoses and occlusions of large 
intracerebral arteries in two children with Haemophilus in- 
fluenzae meningitis. Follow-up angiography, performed 1 
month later in one child and 2 months later in the other, 
showed normal blood vessel calibers. Igarashi et al? 
described 12 children with bacterial meningitis who had 
stenoses of large intracranial arteries detected by means of 
four-vessel angiography. Seven of these children showed 
focal neurologic deficits on the third or fourth day of dis- 
ease. Paulson et al” reported on cerebral blood flow mea- 
surements by means of an intra-arterial xenon technique in 
five young patients with pneumococcal and meningococ- 
cal meningitis. They found, in the cases of pneumococcal 
meningitis, a global hemispheric blood flow decreased by 
30% to 40%. McMenamin and Volpe? documented in- 
creased flow velocity of the anterior cerebral artery in eight 
children with bacterial meningitis. The highest values were 
recorded on day 3 to 5, and they remained high up to day 
10. Hashimoto et al” described a patient with staphylo- 
coccal meningitis who had significantly elevated velocities 
in the middle cerebral artery by means of TCD; the values 
returned to normal during the course of disease. 

On the basis of the literature, our results might be inter- 
preted as showing that stenotic changes occur in the basal 
intracranial arteries throughout the course of meningitis 
induced by pneumococci, meningococci, and Borrelia. The 
maximum hemodynamic disturbance is to be expected be- 
tween days 3 and 5, and it takes up to 3 weeks before flow 
velocities have returned to normal or their initial values 
(Fig 2). 

Thus, the risk of acquiring a definite ischemic deficit is 
highest throughout the first 5 days. This is similar to the 
situation in spontaneous subarachnoid hemorrhage. How- 
ever, in that condition, maximal flow velocities leading to 
delayed ischemic neurologic deficits occur later, ie, 7 to 20 
days after the initial bleeding.” Several TCD studies re- 
ported elevated flow velocities in closed head injury, again 
with the highest values 5 to 7 days after injury.” These 
findings have been related to vasospasm due to traumatic 
subarachnoid hemorrhage in 40% of the patients.**** Nev- 
ertheless, the question remains whether the recorded high 
velocity values in our study are caused by inflammatory 
lumen narrowing, by vasospasm, or even by cerebral hy- 
perperfusion, and this question cannot be answered con- 
clusively by means of TCD alone. The cause of high flow 
velocity within a segment that can be reached by TCD (we 
examined the M1 segment of the middle cerebral artery) 
can be threefold: (1) increase in global hemispheric blood 
flow; (2) reduction of blood vessel diameter; and (3) 
reduced cerebral peripheral resistance. 

An increased cardiac output is a prerequisite of a global 
rise in hemispheric circulation. Such a hyperdynamic car- 
diovascular state occurs in the early stages of septic syn- 
drome and might also occur in case of bacterial central 
nervous system infection.” Cardiovascular hemodynam- 
ics have not been examined in such patients. In our 
patients, body temperatures correlated with the changes in 
flow velocities. Thus, it might be argued that this observa- 
tion simply reflects an increased metabolic demand of the 
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neurons. Conversely, all of our patients with “viral men- 
ingitis” also suffered from fever but never presented with 
high blood velocities. Furthermore, cerebral blood flow 
measurements clearly showed normal (in meningococcal 
disease) or even reduced (in pneumococcal disease) val- 
ues.” Paulson et al? measured oxygen saturation in the 
jugular vein in their patients and calculated markedly re- 
duced oxygen-extraction fractions, thus not indicating in- 
creased metabolic demand." 

Several angiographic studies revealed narrowing of the 
basal cerebral arteries.” Autopsy results gave clear evi- 
dence of swelling of endothelial cells, separation of tight 
junctions and, in particular, granulocytic infiltration of the 
adventitia, thus leading to reduction of vessel diameter." 
Fragments of bacterial cell wall seem to play an important 
role in the initiation of inflammatory changes of the blood 
vessel wall.' In animal experiments, Macdonald and Weir”® 
and Mayberg et al” showed that in spontaneous subarach- 
noid hemorrhage vasospasm is caused by various blood 
components but not by leukocytes alone. Thus, the concept 
that the purulent environment in which large intracranial 
blood vessels are embedded in the case of bacterial men- 
ingitis might lead to vasospasm no longer holds true. 
However, since purulent material contains more than leu- 
kocytes, including vasoactive substances, its role as a sup- 
portive cofactor cannot be excluded. 

Cerebral autoregulation has to be taken into account in 
the interpretation of flow velocity values measured by 
TCD. Under physiologic conditions, flow velocity is inde- 
pendent of cerebral perfusion pressure but directly pro- 
portional to arterial carbon dioxide partial pressure. When 
clinical signs and symptoms of increased intracranial 
pressure were present, our patients were mechanically 
ventilated. Thus, a hypocapnia with a Paco, of about 30 
mm Hg could never be the cause of increased flow veloc- 
ities. Moreover, the actually measured values have to be 
corrected so as to be under normocapnic conditions 
(3.36% /mm Hg). Elevated intracranial pressure should 
additionally reduce cerebral perfusion pressure and, 
hence, the flow velocity. 

In view of all of these pathologic considerations, our 
TCD data point to an obstructive process of proximal seg- 
ments of basal cerebral blood vessels as the predominant 
pathogenic mechanism. Possibly, the inflammation leads 
to initial damage of the endothelium and then to thicken- 
ing of blood vessel walls and thus to their obstruction. 
Transitory vasospasm as well as increased metabolic 
demand of the cerebral tissue might, however, be addi- 
tional pathogenic mechanisms. If we accept this presumed 
pathogenic theory, the observed decline in the velocities in 
all patients might reflect the recovery of the vessel’s wall 
inflammation secondary to the primary infectious process. 
This assumption correlates well with the observation that 
decreasing velocities closely followed the recovery of the 
patient’s clinical condition. This decline usually preceded 
that of the body temperatures by 2 to 4 days and thus can- 
not be explained convincingly by decreasing metabolic 
demand of brain tissue alone. 

Maximal flow velocities were observed between the 
third and fifth days of disease but were markedly lower 
than those in patients with subarachnoid hemorrhage, 
leading to intermittent or permanent ischemic lesions. 
None of our patients developed definite structural damage 
of brain tissue. Obviously, the hemodynamic changes were 
not severe enough to exhaust functional reserve capacities. 
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It must be noted, however, that in all our patients, in ad- 
dition to adequate antibiotic therapy, all aspects of mod- 
ern neurocritical care were initiated very early. Addition- 
ally, all patients with bacterial meningitis underwent 
intravenous heparin therapy (double partial thromboplas- 
tin time). Both of these strategies seem to be responsible for 
the favorable outcome in our patients. Thus, TCD offers a 
quick, risk-free monitoring device for early recognition of 
patients with meningitis who are at risk to develop cere- 
brovascular complications. Therefore, further intensive 
care measures can be adapted in time, and their therapeu- 
tic implications can be monitored. 

However, the question whether there is hyperemia, hy- 
poperfusion, or even both during the course of bacterial 
meningitis remains open for discussion. The TCD data 
presented herein should thus serve as a basis for continu- 
ing this line of research, which must focus in the future on 
the microvasculature territory of the cerebrovascular 
circulation. 
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Original Contribution 


Biopsy Results in a Kindred With Lafora Disease 


Ivo Drury, MB BCh; Mila Blaivas, MD, PhD; Bassel W. Abou-Khalil, MD; Ahmad Beydoun, MD 


e We studied biopsy results in a kindred with the Lafora 
form of progressive myoclonic epilepsy. Four members of a 
family with known consanguinity presented as teenagers 
with seizures, myoclonus, dementia, and ataxia. After the 
diagnosis was established by brain biopsy in the first patient, 
many efforts were made to obtain a tissue diagnosis in the 
three other patients. Lafora bodies were absent in most of 
the skin biopsy specimens in three patients and in liver bi- 
opsy specimens from two patients. In cases of Lafora 
disease, where a reasonably certain clinical diagnosis can be 
established, supported by biopsy proof in some family 
members, repeated biopsy specimens even at advanced 
stages of the disease may be negative. These findings suggest 
that negative skin or liver biopsy specimens in patients with 
progressive myoclonic epilepsy should not exclude the di- 
agnosis of Lafora disease. 
(Arch Neurol. 1993;50:102-105) 


aie disease (LD) is a form of progressive myoclonic 

epilepsy (PME) with an autosomal recessive mode of 
inheritance. The onset is in the teenage years, and demen- 
tia, seizures, and ataxia inexorably progress until death 
occurs, usually within several years.’ Characteristic inclu- 
sions, called Lafora bodies (LBs), are found in the central 
nervous system, but skin and liver biopsies are thought to 
be reliable methods of making this diagnosis without re- 
sorting to a brain biopsy.*° We report the results of biop- 
sies performed in a family with LD in which results of 
liver and skin biopsies performed during well-advanced 
disease were often negative. 


PATIENTS AND METHODS 


The family is of Palestinian origin, and most members live in 
southeastern Michigan. A branch of the family lives in southern 
California, where one teenage boy is also afflicted with the dis- 
ease. Consanguineous marriages were common among the par- 
ents’ generation. Table 1 lists the principal clinical features of each 
of the four patients. The parents of each patient were first cous- 
ins. Patients 3 and 4 are a brother and sister; the other patients are 
their first cousins. 
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Most medical care was provided at this institution, but patient: 
1, 3, and 4 were also seen at other institutions, either for second 
opinions or, in the case of patient 1, for a corpus callosotomy per- 
formed for medically refractory seizures. All biopsies known tc 
have been performed were included, and most were reviewed by 
one of us (M.B.). The initial diagnosis was made by brain biopsy 
at the time of the corpus callosotomy in patient 1. Portions of brain 
parenchyma were fixed in formaldehyde for paraffin embedding 
and in glutaraldehyde for electron microscopy. The paraffin- 
embedded tissue was sectioned and stained with hematoxylin- 
eosin (HE), periodic acid—Schiff (PAS), and modified Holmes 
silver stain. Both light and electron microscopy were performed 
at another institution, and the slides, along with electron 
micrographs accompanied by local pathology reports, were sent 
to us. 

Each of the other patients underwent axillary or back and fore- 
arm skin biopsies, and patients 2 and 3 both underwent liver bi- 
opsies. Specimens of liver were obtained by percutaneous needle 
biopsies and processed for light and electron microscopy. 
Paraffin-embedded material was serially sectioned, and the sec- 
tions were stained with HE, PAS before and after diastase, colloi- 
dal iron, alcian blue, aldehyde fuchsin, and methenamine silver. 
Glutaraldehyde-fixed material embedded in epoxy resin was 
evaluated in 1-um-thick sections, followed by electron micros- 
copy. Skin was obtained by punch biopsies 3 to 4 mm in diam- 
eter and 5 mm deep. All biopsies were embedded in paraffin, and 
the sections were stained with HE, PAS before and after diastase, 
colloidal iron, and PAS in combination with alcian blue or light 
green, the techniques varying depending on the institution where 
the biopsy was performed. Three samples of skin biopsies from 
patients 3 and 4 were fixed in glutaraldehyde and processed for 
electron microscopy. 

In patients 2 and 3, an autopsy limited to the brain was 
performed after embalming. Both brains were postfixed in 10% 
unbuffered formaldehyde, and serial frontal sections were 
grossly evaluated before multiple representative regions were 
selected for paraffin embedding. Large sections of paraffin- 
embedded tissue were stained with HE, phosphotungstic acid- 
hematoxylin, Holmes silver stain, PAS before and after diastase 
digestion, alcian blue, and a combination cresyl violet-luxol fast 
blue-eosin stain. Suitable tissue for electron microscopic exami- 
nation was obtained from the brain of patient 2. A small piece was 
postfixed in formaldehyde-glutaraldehyde Karnowsky’s solution 
and processed for electron microscopy. 


RESULTS 


Each patient had the typical onset and progression of 
LD. Table 2 lists the results of all biopsies performed in the 
four patients. The initial diagnosis of LD was made in pa- 
tient 1 through a brain biopsy performed at the time of a 
corpus callosotomy. A slight increase in the tortuosity of 
pial vasculature and slight widening of the sulci were 
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Ee, Su. Table 1.—Clinical Features in Family With Lafora Disease* | ve Se x 


Patient/Sex/ Ist 
Age at Consan- Seizure Other Degree of 
Onset, y guinity Type Seizures Dementia 
1t/F/14 + Tonic-clonic | Myoclonic, Severe 
absence 
2t/F/15 + Myoclonic Tonic-clonic, Severe 
absence 
3t/M/15 + Tonic-clonic | Myoclonic Severe 
4/F/14 + Myoclonic Tonic-clonic Severe 


Episodes Current or 
Ataxia of SE EEG Last AEDs 
+ Yes Slow background, gen VPA, PHT, CZP 
S-W, PPR 
+ No Slow background, gen CBZ, PB, CZP 
S-W 
+ Yes Slow background, gen PB, VPA, CZP 
S-W, PPR 
+ No Slow background, gen PB, VPA, TRANX 
S-W, occipital 
spikes, PPR 


*SE indicates status epilepticus; EEG, electroencephalogram; gen S-W, generalized spike-wave; PPR, photoparoxysmal response; AEDs, antiepi- 
eptic drugs; PB, phenobarbital; PHT, phenytoin; CBZ, carbamazepine; VPA, valproic acid; CZP, clonazepam; and TRANX, clorazepate. 


tDeceased. 
Table 2.—Biopsy History in Family With Lafora Disease* TOE ee 
Microscopy 
i, . ©. ne 
Patient Year of Birth Year of Onset Date of Biopsy Tissue (Site) Light Electron 
1 1961 1975 4/79 Brain + + 
2 1966 1981 12/83 Liver — — 
5/89 Skin (axilla) s ND 
8/90 Braint + 
3 1968 1983 3/85 Skin (back) + ~ 
3/86 Skin (back/forearm) = ND 
3/86 Liver se = 
3/89 Skin (axilla) -= = 
6/89 Braint + ND 
4 1973 1987 12/87 Skin (axilla) = ND 
1/89 Skin (axilla) = ND 
2/89 Skin (axilla) = = 
6/89 Skin (axilla) = ND 


*ND indicates not done. 
_ tAutopsy specimen. 


1oted at the time of surgery. The main abnormality on in- 
spection was multiple colorless, firm adhesions between 
he facing surfaces of the frontal lobes and the first frontal 
*onvolution and the dura of the falx. The biopsy specimen 
was from the right second frontal convolution and in- 
‘luded cortex and subjacent white matter. Paraffin sections 
‘tained with HE showed scattered, dark, round, basophilic 
»odies (Fig 1), some of which were intracytoplasmic, PAS 
axe and silver negative. Their structure varied from 
homogeneous to quite complex, with targetlike appear- 
ince and starlike arranged spicules. Electron microscopy 
‘evealed that some inclusions were intraneuronal, while 
thers were found in processes in the neuropil. They were 
10t membrane bound and consisted of fine filamentous 
naterial, quite distinct from normal dendritic and axonal 
processes. Some of the larger bodies, which markedly dis- 
ended the cell processes, contained aggregates of polyri- 
d0somes at the periphery and stellate-shaped aggregates 
3f amorphous electron-dense material in the center. 

The second patient had a liver biopsy specimen that 
showed changes indicative of a hepatitis B surface antigen 
carrier state on modified aldehyde fuchsin-stained sec- 
ions. No LBs were seen on paraffin-embedded sections 
stained with HE, PAS before and after diastase digestion, 
ilcian blue, and Hale’s colloidal iron. The only diastase- 
resistant, PAS-positive material was present in macro- 
dhages. Electron microscopy also revealed no inclusions 
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suggestive of LD. An axillary skin biopsy was performed _ 
6 years later, and a portion that contained both eccrine and 


apocrine glands was stained with PAS. The eccrine secre- 
tory coils, 13 eccrine ducts, and the myoepithelial cells of 
apocrine ducts contained no inclusions. The brain at 
autopsy, previously embalmed, weighed 1200 g and was 
grossly unremarkable. It was processed for light and elec- 
tron microscopy. Numerous PAS- and alcian blue—positive 
inclusion bodies were found throughout all brain regions. 
Occasionally they clustered in small groups, producing 
overlapping aggregates. They were most abundant within 
the gray matter, particularly in layers III and V of the cor- 
tex, within the substantia nigra and the cerebellum. The 
inclusions varied in size and appearance from almost ho- 
mogeneous to complex star-shaped structures with or 
without a dark core. They were negative or ghostlike, 
weakly positive on Holmes silver stain. Electron micros- 
copy confirmed a complex filamentous structure of the in- 
clusions, which were not bound by a membrane and were 
located within the cytoplasm of the cell bodies or their 
processes. The periphery of the bodies frequently con- 
tained concentric lamellar arrangements, mitochondria, 
and various vesicular structures. 

In patient 3, a skin biopsy from his back was strongly 
positive for LBs in eight of 11 eccrine ducts in the PAS 
preparation (Fig 2). The LBs varied slightly in size and 
were located at the junction of the ductal epithelial and 


Lafora Disease—Drury et al 103 


ataid ins foe 








| 
| 





Fig 1.—Brain biopsy specimen from the right second frontal convolution 
in patient 1. A neuron in the center contains a typical intracytoplasmic 
Lafora body. There are several smaller scattered Lafora bodies 
(hematoxylin-eosin, original magnification X 470). 


myoepithelial cells. On electron microscopy, the inclusions 


were composed primarily of fine, pale-staining filaments 


with no delimiting membrane. This result was reported 
previously in case 2 in the article by White and Gomez.” 
Two subsequent skin biopsy specimens were negative. 
One of the biopsies was performed elsewhere, and the 
slides were not available for our review. The pathology 
report stated that skin contained no inclusions character- 
istic of Lafora disease on light microscopic evaluation, and 
no electron microscopy was performed. The second skin 
biopsy was done in our hospital, and a portion of the ax- 
illary skin containing 12 eccrine ducts in paraffin- 
embedded sections and nine eccrine ducts in semithin ep- 
oxy resin-embedded sections was obtained. Neither light 
nor electron microscopy showed LBs. A liver biopsy spec- 
imen obtained along with the second skin biopsy specimen 
showed no PAS-positive inclusions suggestive of LBs. 
Subsequent electron microscopy showed prominent gly- 
cogen accumulation only. 

At autopsy (limited to the head), the brain weighed 1280 
g. There was softening and yellow discoloration of both in- 
ferior frontal lobes from a contusion suffered during a gen- 
eralized tonic-clonic seizure early in the course of the pa- 
tient’s disease. There were no other findings on gross exam- 
ination. Microscopic examination of large samples of the 
cerebral cortex with the subjacent white matter, basal gan- 
glia, diencephalon, brain stem, cerebellum, and cervical spi- 
nal cord close to the medulla revealed numerous LBs. The 
latter were especially numerous in the substantia nigra and 
variably numerous in all of the other examined levels of the 
brain, but virtually absent in the inferior olives and hypo- 
glossal nerve nuclei. The LBs were 10 to 20 um in diameter 
and, on cresyl violet-luxol fast blue—-eosin staining, fre- 
quently had a round, dark-purple target core approximately 
one-third the diameter of the body and then one or two rings 
surrounding the target ina concentric fashion. The outer ring 
was lighter purple, with radiating lines to the periphery. This 
staining pattern was faithfully reproduced by PAS and al- 
cian blue stains. The inclusions were virtually negative on 
Holmes silver stain and negative with colloidal iron. The 
neuropil was seen to be full of LBs, some homogeneous and 
as small as 1 um in diameter. No LBs were seen in neuroglia, 
endothelium, or meninges. 
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Fig 2.—Skin biopsy specimen from the back of patient 3. Longitudine 
section of an eccrine duct with multiple rounded periodic acid—Schift 
positive inclusions in the periphery of eccrine duct cells (periodic acid 
Schiff, original magnification X470). 


Patient 4 underwent a total of four skin biopsies. The firs 
axillary skin biopsy specimen was evaluated under ligh 
microscopy only, and 11 eccrine ducts present in paraffin 
embedded sections contained no inclusions. The seconc 
axillary skin biopsy specimen, which was not available fo 
our review, was reportedly “negative for Lafora disease” 
electron microscopy was not performed. The third axillary 
skin biopsy specimen, processed for both light and electro1 
microscopy, contained 12 eccrine ducts in paraffin 
embedded sections and nine eccrine ducts in epoxy resin- 
embedded sections, all of which were negative for LBs. Thi 
fourth biopsy specimen, obtained elsewhere, showed ni 
PAS-positive inclusions in myoepithelial cells of the apo 
crine ducts, but no eccrine ducts were described in thi 
specimen. Electron microscopy was not performed. 


COMMENT 


Lafora disease is one form of PME, a heterogeneou 
group of conditions forming a subset of patients wit! 
symptomatic generalized epilepsy. Premortem diagnosi 
is now possible in the majority of cases and can be valu 
able in choosing therapy, determining prognosis, and ge 
netic counseling. In our patients, the family history, wit! 
the autosomal recessive pattern of inheritance, the clinica 
and electroencephalographic features, and, when positive 
the pathologic findings are typical of those previously de 
scribed in LD. What distinguishes this family from patient 
in previous reports is the failure of either liver or skin b: 
opsy specimens to show LBs at some point in the clinice 
course, indicating that their absence in biopsy materié 
does not exclude the diagnosis of LD. 

Lafora disease was first described in 1911.° Clinically, 
closely resembles the most common form of PME, Baltic my 
oclonus (Unverricht-Lundborg disease) but can be distir 
guished by its later age at onset, more rapid course, and, i 
about half the cases, independent occipital spikes and a hi: 
tory of visual seizures.’ A definitive diagnosis may be mad 
by detection of LBs in affected tissues. The LBs are intré 
cytoplasmic basophilic inclusions composed chiefly of a glu 
cose polymer witha small variable component of phosphat 
and sulfate groups.® They are always found in brain an 
commonly in cardiac and striated muscle, liver, and ski 
and less frequently in other organs.’ Diagnostic change 
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k rere found more reliably in liver than in striated muscle, 

| ad until recently this was the preferred method of tissue di- 
znosis.* In 1981, Carpenter and Karpati? were the first to re- 
ort diagnostic changes in sweat gland duct cells in skin bi- 
psy specimens, and their observations have been confirmed 
y other groups.’ A more recent report emphasized the 
"alue of careful inspection of the myoepithelial cells of the 
ecretory acini of apocrine glands to detect LBs.° 

One rare form of PME is known as atypical inclusion- 
ody disease.'”'? The few reported cases are sporadic and 
sually have extrapyramidal findings on neurologic ex- 
mination. Inclusions are found in brain only, where they 
ain strongly positive with Holmes stain and do not stain 
rith alcian blue, while the reverse is true for LBs. On elec- 
‘on microscopic examination, they are granular and 
1embrane bound. The positive family history, absence of 
xtrapyramidal findings, the typical staining reactions and 
ltrastructure of LBs, and the presence of LBs in tissue 
ther than brain all clearly indicate that this family did not 
ave atypical inclusion-body disease. 

+ Patients 2,3, and 4 had negative biopsy specimens when 
ieir disease was well advanced, and so it is unlikely that 
Brforming the biopsy early in the disease accounts for the 
sence of histologic changes. Patient 3 had an initial pos- 

ve skin biopsy specimen, but biopsy specimens from 

_ tree different skin sites (the last within 3 months of death) 

vere subsequently negative. Reports of LBs in skin biopsy 

»ecimens suggest that the changes are widespread. Dif- 
rent biopsy technique or pathologic interpretation is un- 
<ely to explain our findings. Negative biopsy specimens 
ccurred in both liver and skin in two patients, and neg- 

ive biopsy specimens were also obtained at another ma- 

r referral center. Although it has been suggested that 

unch biopsy specimens of skin may be inadequate? for 

etecting LBs, we believe that a 4-mm biopsy extending to 

. ‘e subcutis is adequate. The best site for the biopsy is the 

i dillary vault, which has the greatest concentration of 
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apocrine glands and a heavy concentration of eccrine 
glands." If the specimen lacks eccrine ducts and apocrine 
glands, the biopsy should be repeated. 

Analysis of the biopsy specimens in this kindred sug- 
gests that a negative result of skin or liver biopsy in a pa- 
tient with PME does not definitively exclude LD as the 
underlying cause. 
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neurologist needed to join two progressive board- 
certified neurologists. The practice is growing and 
expanding. Excellent salary. Opportunities for 
personal growth and family enjoyment in a medium 
sized city with private highly rated four year college. 
Close to Orlando and Daytona. EEG, EMG/NCV/EP 
training and skill required. If you are seeking an 
academic approach to clinical neurology in a private 
practice setting, this is an excellent opportunity. 
Compensation commensurate with skill and 
motivation. Reply to: Box #852 c/o AON. 


NEUROLOGIST: Excellent opportunity for board- 
certified/board-eligible neurologists to join two 
existing neurologists in a stimulating, busy practice. 
Marquette General Hospital is a 397-bed regional 
referral center, with a comprehensive neurophsi- 
ology department and state-of-the-art technology 
that includes magnetic resonance imaging and CT 
scanning, and a hospital-based family practice 
residency. Medical students from Michigan State 
University's College of Human Medicine are regu- 
larly assigned to the hospital and offer an opportuni- 
ty for teaching. Marquette General Hospital and its 
medical staff are committed to building a center of 
excellence in the neurosciences and have the 
necessary financial resources. The development of 
these services will require the leadership and co- 
operation of physicians in the field of neurology, 
neurosurgery, psychiatry, physical medicine and 
rehabilitation. Salaried and private practice 
positions are available. If this special opportunity is 
of interest to you, please send CV to: Robert J. 
Raica, Marquette General Hospital, 420 West 
Magnetic Street, Marquette, MI 49855. 





Professional Opportunities 


NEUROLOGIST — A highly successful, two-member, 
private practice, academically affiliated with nearby 
renowned university hospital, is seeking a BC/BE 
neurologist with interest in EMG, EEG, EPs for a 
secure and financially rewarding career. Modern 
medical facilities with 7,500 square feet, complete 
with OT clinic, electrodiagnostic equipment, and large 
professional staff. Practice is well established and 
highly respected with large referral base. Exceptional 
guaranteed salary, incentive and benefits package 
leading to partnership. Enjoy the cultural, academic 
and recreational amenities of the Philadelphia area as 
well as those of New York, Washington, DC, shore 
resorts, Chesapeake Bay, Pocono Mountains, Amish 
country — all within 90 minutes. Please send CV to: 
Robert C. Nollenberger, Nollenberger, Massucci & 
Co., P.O. Box 96, Ephrata, PA 17522. FAX: (717) 
738-4008. Or call: (717) 738-4100 for further details. 


MAINE — General neurologist needed due to retire- 
ment. Private practice, salaried or income guarantee. 
State-of-the-art equipment. EMG and EEG skills. 
Regional referral area. One hour from Portland and 
Sugarloaf USA; forty-five minutes from coast. 
Abundant lakes, rolling hills, affordable New England 
life style. For further information, call or send your CV 
to: Lianne Harris, 63 Forest Avenue, Orono, ME 
04473. (207) 866-5680; FAX (207) 866-5696. 


NEUROLOGIST — Opportunity to join well 
established practice in Birmingham, Alabama. Warm 
climate. Great city with lots to offer. Three-four hours 
from Gulf or mountains. Hospital-based practice. 
Cordial and supportive medical staff. Salary plus 
bonus and other fringe benefits. Partnership after 
one-two years. Information without obligation. Call: 
Ms. Cornelius, IMS/Trent, 1801 Ninth Avenue South, 
Birmingham, AL 35205. (205) 933-9880; FAX (205) 
933-9883. 


NEUROLOGY OPPORTUNITY — The Johnson 
Neurological Clinic is seeking a neurologist (BE/BC) 
with a firm working knowledge of EMG and 
neurophysiology. The clinic, a neurology/neuro- 
surgery practice, is the preeminent group in the 
region delivering care to over 300,000 in the 
Piedmont area of North Carolina. Based in High 
Point, North Carolina and serving the surrounding 
communities, the clinic practices high-quality medi- 
cine in a pleasant environment that has much to offer. 
Additional information may be obtained by calling the 
clinic at: (919) 889-8877. Or by writing to: W. Keith 
Armstrong, Administrator, Johnson Neurological 
Clinic, 606 North Elm Street, High Point, NC 27262. 


PEDIATRIC NEUROLOGIST wanted to join two BC 
adult neurologists in the Rocky Mountain region. The 
community is located on the western slope of 
Colorado. Excellent recreational opportunities are 
available. Salary negotiable. Send CV to: Dr. Neal 
Gilman, 2530 North 8th Street, #206, Grand Junction, 
CO 81501. Or call: (303) 243-9180. 


NEUROLOGIST/NEUROPHYSIATRIST — The Uni- 
versity of Nevada School of Medicine and Reno 
VAMC are seeking a neurologist or neurophysiatrist 
with board-certification or -eligibility. Applicants will be 
responsible for medical student and resident teaching 
and patient care in a community integrated medical 
school setting. Participation in basic or clinical 
research is expected. Rank depends on 
qualifications. Must be eligible for licensure in 
Nevada. Send CV and letter of interest to: John M. 
Eaton, MD, University of Nevada School of Medicine, 
Reno, NV 89557. Recruitment will continue until 
position is filled. 
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Professional Opportunities 


PEDIATRIC AND ADULT Neurologist: BC/BE 
pediatric and adult neurologist to join established four 
physician neurology department in a 130-physician 
multi-specialty clinic located in beautiful northwest 
Arkansas. Holt-Krock Clinic, the 28th largest 
freestanding clinic in the nation, serves a patient base 
of 400,000 in Arkansas and Oklahoma. No other 
pediatric neurologist within 100-mile radius. We offer 
a guaranteed salary with full partnership in 2 to 2-1/2 
years, plus excellent fringe benefits. 680-bed hospital 
and new rehabilitation hospital two blocks from main 
clinic. Must be willing to share call-with adult 
neurologists, do testing consisting of EEG, EMG, 
evoked response and cervical vascular ultra-sound 
procedures. For details regarding this opportunity, 
send letter and CV to: Josephine Decker, Associate 
Administrator, Holt-Krock Clinic, 1500 Dodson 
Avenue, Fort Smith, AR 72901. (501) 782-2071. 


EXCELLENT OPPORTUNITY for BC/BE neurologist 
with strong Clinical skills to join a rapidly expanding 
neurological group located in southeastern Wisconsin 
within one hour of Chicago. Expertise in sleep and/or 
pediatrics is desired. Salary competitive. Please 
contact: Box #854, c/o AON. 


MINNEAPOLIS/ST. PAUL — Group Health, Inc. is 
seeking a sixth neurologist for a 350-physician multi- 
specialty staff model HMO. Prefer subspecialty 
training or expertise. Busy, diverse, in-patient and 
out-patient practice that is relatively free of 
administrative duties. Group Health, Inc. is a non- 
profit, member governed HMO. The Twin Cities are 
recognized as one of the best areas of the country to 
raise a family. The communities provide excellent 
schools, countless cultural events, numerous 
recreational activities and a myriad of lakes and 
parks. To inquire please call: (800) 472-4695. Or 
send CV to: Group Health, Inc., 2829 University 
Avenue SE, Minneapolis, MN 55414. 


ATTENTION PHYSICIAN RECRUITERS. The 
“Classified Advertising” sections now in all nine AMA 
Specialty Journals target the physician you want. 
These highly visible sections put your message in 
the hands of every specialist that qualifies for your 
professional opportunity, every month. To place the 
ad of your choice, any size, call toll free: (800) 237- 
9851. 


NEUROSURGEON -—- BE/BC neurosurgeon 
opportunity available with an FHP Healthcare 
affiliated hospital just north of Salt Lake City, Utah. 
Excellent practice with an established medical facility 
and patient base. For more information please 
contact our Professional Staffing Department at 35 
West Broadway, Salt Lake City, UT 84101. Or call: 
toll-free (800) 283-8884, Extension 3631. EOE. 


CORPUS CHRISTI, TEXAS — Superb offer to join an 
established group of two neurologists. Excellent 
demographics. Competitive salary leading to an early 
partnership. No buy-in necessary. Please write or call: 
C.C. Neurocenter, P.O. Box 331306, Corpus Christi, 
TX 78463. Telephone: (512) 853-0867. 


GROUP OF SEVEN subspecialized neurologists 
seeks neurologist with fellowship training in sleep to 
assist with busy sleep laboratory and high quality 
general neurology practice. Other subspecialty 
interests also considered. Charlotte, North Carolina is 
the largest city in the Carolinas. Prosperous, yet 
charming. Excellent recreational opportunities. 
Contact: Frederick Pfeiffer, MD, 1900 Randolph 
Road, Suite 1010, Charlotte, NC 28207; or (704) 334- 
7311. 








NEUROLOGIST — Join two busy adult neurologists. 
Excellent neurophysiological laboratories. Neuro- 
radiology with MRI. Active family practice program 
with teaching available. This is an established 
practice. Two local hospitals (875 beds); 180,000 
population; near the University of lowa for referrals, 
sports and cultural events. Guaranteed salary and 
benefits the first year. Partnership possible in second 
year. Send CV to: Erich Strieb, MD, Neurological 
Associates, 4703 Bever Avenue SE, Cedar Rapids, 
IA 52403. Business (319) 366-7990; or home (319) 
365-1020. 





Professional Opportunities 


NEUROSURGEONS/NEUROLOGISTS — To discuss 
practice opportunities in neurological surgery or 
neurology in South Carolina, contact: Dr. Chermol at 
(800) 866-6045. 


WEST MICHIGAN — Hospital-based neuroscience 
center seeks a BC/BE neurologist to establish a new 
private practice under the auspices of the center and 
its affiliated physicians and staff. The center is 
contained within a professional building directly 
attached to a 252-bed state-of-the-art general acute 
care hospital. A multi-year practice support package 
will be customized to meet the needs of the 
successful candidate. Send cover letter and CV to: 
Robert Boese, Hackley Hospital, P.O. Box 3302, 
Muskegon, MI 49443-3302. FAX (616) 722-0739. 


NEW ORLEANS: Solo BC neurologist seeking 
energetic, conscientious and personable BE/BC 
neurologist who is willing to work hard. EEG, EMG, 
EP experience required. Ultrasound experience 
preferred. Generous salary, fringe benefits. 
Partnership available in two years. Reply with CV to: 
Janna Delaune, 120 Meadowcrest Street, Suite 410, 
Gretna, LA 70056. 


JOIN A UNIQUE three-county, three-person practice 
in scenic eastern Pennsylvania. Enjoy all the glories 
of country/small town life, with easy urban access. 
Current members have strong academic credentials 
and cover a wide variety of neurodiagnostic 
modalities, including three MRI/CT facilities. We are 
committed to the highest quality neurological care. 
Compensation and benefits are generous, aiming 
towards eventual partnership. Cultural activities 
abound, the schools are good, the streets are safe, 
and the local farm produce is the best in the country. 
Major metropolitan areas of Philadelphia, Baltimore, 
and New York are all within one to three hours. 
Biking, hiking, skiing, and other outdoor activities are 
in your backyard. Send CV to: Schuylkill Neurologic 
Associates, 700 Schuylkill Manor Road, Suite 3, 
Pottsville, PA 17901. 








FALLON CLINIC/ 
ST. VINCENT HOSPITAL 


The Department of Neurology Fallon Clinic/ 
Saint Vincent Hospital is recruiting a clinical 
neurophysiologist, with fellowship training in 
EEG, epilepsy or sleep disorders. 


Applicants must be board-certified or 
-eligible ABPN and board-certified or 
-eligible American Board of Clinical 
Neurophysiol-ogy. The Fallon Clinic is a 
physician owned and directed multi- 
specialty group of 265 physicians, providing 
the clinical services for the Fallon 
Community Health Plan — the premier HMO 
for central Massachusetts, as well as fee- 
for-service patients. The De-partment of 


Neurology is composed of eight full-time - fe 


neurologists providing the full gamut of 
neurological services. Two are certified 
ABCN, two are certified in EMG, one 
certified in polysomnography. The depart- 
ment functions as an integral component of 
the Joint Teaching Program for Neurology 
Residents and students in collaboration with 
the University of Massachusetts Medical 
Center. The successful candidate will qualify 
for a teaching appointment at an appropriate 
academic level. An attractive salary and 
benefit package is offered. 


If you are looking for an exciting opportunity 
in a dynamic expanding group, we are inter- 
ested in discussing this position with you. 
Please send CV to: 
Elliot Marcus, MD 
Chief of Neurology at 
Saint Vincent Hospital and Fallon Clinic 
c/o Elizabeth Andreoli, Physician Services 
100 Central Street 
Worcester, MA 01608 


Multi-soecialty clinic seeks BE/BC 


NEUROLOGIST 


Work with Neurologist, BC in Neurology and EMG. Neurodiagnostic 


lab, developing Sleep Center, and MRI in adjacent 425-bed hos- 
pital. Fellowship training and experience in movement disorders, 
stroke, EEG and sleep disorders is desired. 


e Competitive guaranteed salary with bonus 


productivity plan 


e Shareholder status available after 18 months 


e Malpractice insurance 


e Relocation and interview expense included in 


benefits package 


Semi-tropical Gulf Coast location is in upward bound economic 
environment and is attractive to those who enjoy outdoor sports 


such as fishing, golfing and sailing. 


Look into joining our great team! 





Valley 
Diagnostic 
Medical & 
Surgical 
Clinic, P.A. 





Contact: 
Amanda Fuhro 


2200 Haine Drive, 
Harlingen, Texas 78550 
1-800-852-4543 


Fax: 512-425-5829 





a a l 


In Texas- 1-800-338-4590 |' 






= Professional Opportunities 
EUROLOGIST — Board-certified or board-eligible. 


| gpaculty appointment provides competitive salary 
ath excellent fringe benefits. Please send curricu- 
oc n vitae and letter of inquiry to: William E. 
Intosh, DO, Associate Professor of Medicine/ 
i añ urology, Texas College of Osteopathic Medicine, 
Ct 30 Camp Bowie Boulevard, Fort Worth, TX 
phi 107-2699. TCOM is an affirmative action/equal 

We >ortunity employer and educator. 


~SISTANT/ASSOCIATE PROFESSOR of clinical 
irology. We are seeking a board-certified or board- 
© gible neurologist with some experience in general 
neurology. Some teaching experience is required. 
The individual should be capable of performing and 
kı . preting routine EMGs; similar knowledge of EP is 
esired. The individual will assume a major teaching 
d Clinical role in the Department of Neurology. 

id resume immediately to: Frederick J. Samaha, 
', Chairman, Department of Neurology, Medical 
„ences Building, ML 525, 231 Bethesda Avenue, 
ncinnati, OH 45267-0525. (513) 558-5431. 


f= DICAL COLLEGE of Wisconsin: The Department 

Neurology is recruiting three additional faculty 
embers with clinical and research interests in 
2uromuscular disorders and EMG, neuro- 
‘munology, multiple sclerosis, regeneration, and 
uro-pharmacology. The candidate should be 
ard-eligible or -certified in neurology. Laboratory 
ace and start-up funds are available. The 
surosciences Center provides an opportunity for 
Ilaborative research programs and funds for 
stgraduate research training. Academic 
pointment is commensurate with academic record 
id experience. Applicants should submit a 
rriculum vitae and names of three references to: L. 
iss Terry, MD, PhD, Chairman, Department of 
surology, Medical College of Wisconsin, 9200 West 
sconsin Avenue, Milwaukee, WI 53226. The 
2dical College of Wisconsin is an equal 
F portunity/affirmative action employer. M/F/D. 


STROKE 


























rotate on a regular basis. 





ALBE 


RT & 
EINSTEIN 
ICAL 


MED 
CENTER 


Genius in healthcare. 
Equal Opportunity Employer 


Professional Opportunities 


HOUSTON — TEXAS MEDICAL CENTER. A 60- 


physician internal medicine group seeks BE/BC 
physicians in neurology. Excellent relocation 
provisions. Competitive salary and benefits. Minimal 
managed care. Reply: Box #857, c/o AON. 


NEUROLOGIST NEEDED — Carolina foothills. Con- 
genial, busy neurology group seeks one or two BC/ 
BE neurologists to join clinical practice in prosperous, 
desirable southern growth area. Quality family en- 
vironment. Excellent medical facilities. Competitive 
salary leading to partnership. Immediate openings. 
Contact: Marilyn Miller, 145 Dillon Drive, Spartanburg, 
SC 29302 with CV. 


Positions Available 


LOYOLA UNIVERSITY CHICAGO Stritch School of 


Medicine seeks Director of Stroke Program. 
Resources include transcranial Doppler, modern 
neuro-imaging laboratory with SPECT, and 
molecular neuroscience laboratories. Loyola Uni- 
versity is a large center for cardiovascular disorders 
with very active surgical and cardiology programs. 
Research collaborations possible with cardiology 
and cardiovascular surgery. Candidates should be 
board-eligible or -certified neurologists with 
scholarly career interests and qualified for academic 
appointment. Send reply to: Gastone Celesia, MD, 
Chairman, Neurology Department, Loyola University 
Chicago, 2160 South First Avenue, Chicago, IL 
60153. Loyola is an equal opportunity/affirmative 
action employer. 


THIRD PEDIATRIC NEUROLOGIST needed for 
busy practice, new pediatric neurology fellowship 
program. Seven neurologists in department, five 
basic neuroscientists. Opportunity for collaborative 
research. Subspecialty interests encouraged. 
Contact: Joseph B. Green, MD, Department of 
Neurology, Texas Tech University Health Sciences 
Center, Lubbock, TX 79430. 


NEUROLOGIST 


Albert Einstein Medical Center is a620-bed hospital in the greater Philadel- 
phia area and a maior affiliate of Temple University School of Medicine. A 
position is currently available for a Stroke Neurologist to join our growing full 
time department. This key position involves developing clinical, research 
and academic stroke programs, as well as co-directing our multi-specialty 
non-invasive vascular laboratory. The strengths of our institution include 
excellent neuro-imaging, including state of the art SPECT scanning and an 
excellent stroke rehabilitation program. The selected individual will receive 
an academic appointment to Temple and will teach Albert Einstein Medical 
Center residents, Temple neurology residents and medical students who 


To qualify, candidate must have excellent clinical skills and be enthusiastic 
and innovative. Interested candidates should forward CV, letter of intent 
and references to: Mark L. Moster, M.D., Chairman, Department of 
Neurosensory Sciences, ALBERT EINSTEIN MEDICAL CENTER, 
Klein Professional Building, Klein Suite 300, 5501 Old York Rd., 
Philadelphia, PA 19141, FAX: (215) 456-7308. 
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Faculty Positions 


MICHIGAN STATE UNIVERSITY Kalamazoo Center 
for Medical Studies (MSU/KCMS). The Pediatric 
Neurology Section of MSU/KCMS is seeking a 
second BC/BE pediatric neurologist. This faculty 
position is at the assistant professor level and 
includes responsibilities for patient care and medical 
student/resident teaching. Emphasis is on clinical 
activities, including electrodiagnostics and epilepsy/ 
seizures. MSU/KCMS serves as the largest pediatric 
referral center in southwestern Michigan with 24 
pediatric subspecialists. Contact: Richard Katnik, MD, 
PhD, Director, Section of Pediatric Neurology, 
Pediatric Faculty Office, Bronson Medical Center, 
252 East Lovell Street, Kalamazoo, MI 49007. 
Telephone: (616) 341-8277. 


TAMPA, FLORIDA 
ACADEMIC POSITIONS 


Neurologists to join growing Neurology 
Department. Expertise in stroke or Alz- 
heimer's Disease or neurodegenerative 
diseases preferred. Research encouraged, 
teaching required. Tenure earning. Rank, 


salary and benefits negotiable. 
Closing March 15, 1993. 


Contact: 
Leon D. Prockop, MD 
Chairman 
(813) 974-2794 » FAX (813) 974-3160 


USF is an affirmative action/equal opportunity employer. 





TEXAS TECH is searching for an academic 
electromyographer to join a busy laboratory: Well 
equipped, technically staffed. Teach residents and 
students. Seven neurologists, muscle-nerve biopsy 
laboratory, experimental neuropathologist. Contact: 
Joseph B. Green, MD, Department of Neurology, 
Texas Tech University Health Sciences Center, 
Lubbock, TX 79430. 


Fellowships 


NEUROVASCULAR FELLOWSHIP 


The Division of Neurology of the Barrow 
Neurological Institute offers comprehensive 
fellowship training in neurovascular disease. 


One position will be available as of July 1993. 
Please direct inquiries to: James L. Frey, MD, 

222 West Thomas Road, Suite 415, Phoenix, AZ 
85013. (602) 650-6300; FAX (602) 650-7167 





NEUROPHYSIOLOGY/SLEEP FELLOWSHIP — The 
Department of Neurology, Medical College of 
Wisconsin, has a position for a one-year or two-year 
program beginning July 1993 as well as July 1994, 
designed to combine training in epilepsy and clinical 
neurophysiology as well as sleep disorders 
medicine. Comprehensive exposure to epilepsy and 
sleep disorders is available. This exposure includes 
participation in adult and pediatric epilepsy and sleep 
clinics staffed by epileptologists and sleep 
physicians (Neurologists, ENTs and Pulmonolo- 
gists). A two bed adult and one bed pediatric 
epilepsy and sleep laboratory is utilized. This will 
qualify the fellow for ABCN/ACP examination within 
one year. Participation in a comprehensive epilepsy 
clinic and clinical drug trials is available. 
Involvement in clinical epilepsy and clinical or basic 
science research including newer functional imaging 
techniques allows extension of the fellowship to two 
years. Send resume to: L. Cass Terry, MD, PhD, 
Chairman, Department of Neurology, Medical 
College of Wisconsin, 9200 West Wisconsin 
Avenue, Milwaukee, WI 53226. The Medical 
College of Wisconsin is an equal opportunity/ 
affirmative action employer. M/F/D. 


PLEASE NOTE — Address replies to box number 


ads as follows: Box number , C/o AON, 


P.O. Box 1510, Clearwater, FL 34617. 
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Fellowships 
EMG/NEUROMUSCULAR DISEASE FELLOWSHIP 
available beginning July 1993 for one year at the 
Medical College of Wisconsin and affiliated 
hospitals (Children's Hospital, Froedtert Hospital, 
VA Medical Center, Milwaukee County Medical 
Complex). Training opportunities include adult and 
pediatric EMG, single fiber EMG, nerve and muscle 
biopsy interpretation, adult and pediatric MDA 
clinics, and microneurography. Please send 
curriculum vitae and three references to: Dr. Rose 
Dotson or Dr. Safwan Jaradeh in the Department of 
Neurology at Froedtert Hospital, 9200 West 
Wisconsin Avenue, Milwaukee, WI 53226. The 
Medical College of Wisconsin is an equal oppor- 
tunity/affirmative action employer. M/F/D. 


Directors Wanted 


DIRECTOR 
Dent Neurological Institute 


CHAIRMAN, NEUROLOGY 
Millard Fillmore Hospitals 


610-bed tertiary care teaching center 
located in Buffalo, New York is seeking a 
new Director for their internationally re- 
nowned neurological institute. Affiliated 
with the State University of New York 
Medical School, the Dent Neurological 
Institute has achieved a reputation for 
excellence in patient care, medical education 
and scientific research. The department has 
eight geographic full-time neurologists with 
interests in neuroimaging, neuro-oncology, 
neurophysiology, neuromuscular disease and 
pain, and neurorehabilitation. The depart- 

| ment also supports two research scientists. 


The successful candidate will be a com- 
mitted physician leader with outstanding 
clinical skills and will have demonstrated 
successful utilization of resources and man- 
agement of individuals necessary to lead a 
large and diverse department. The new 
Director will also serve as Program Director 


for the university's neurology residency. 
For more information, please contact: 
Jeanne Dowrick 


Fulton Longshore & Associates, Inc. 
527 Plymouth Road, Suite 410 
Plymouth Meeting, PA 19462 

(215) 834-6780 or (800) 346-8397 
|| FAX (215) 834-6785 
The State University of New York at Buffalo and 


Millard Fillmore Hospitals are affirmative action/ 
equal opportunity employers. 


NEUROLOGY CHAIR 


Senior academic neurologist sought to be 
Chair of Division of Neurology at Cook 
County Hospital, Chicago, effective July 1, 
1993. The Neurology Chair will be 
expected to strengthen an active clinical 
service and develop new programs in 
patient care, teaching and research. 
Applicant must have documented teaching 


expertise and outstanding clinical skills. 
Send curriculum vitae, bibliography and 
name of three references to: 


Gerald Burke, MD, Chairman 
Department of Medicine 

COOK COUNTY HOSPITAL 
1835 West Harrison Street, Suite 2207 
Chicago, IL 60612 


Cook County Hospital is an equal opportunity/ 
affirmative action employer. 








Medical Meetings 


SPACTICITY AND CENTRAL PAIN: New Treatment 
Methods, Neuromodulation and Surgical Tech- 
niques. March 26-27, 1993. The Pointe Hilton Resort 
at Squaw Peak, Phoenix, Arizona. Sponsored by: 
Samaritan Rehabilitation Institute, Richard Herman, 
MD. Contact: Karen Tercero (602) 495-4936. 


PLEASE NOTE -— Address replies to box number 
ads as follows: Box number ——— „c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 


We Target The Physician 
You Want! 


-Miscellaneous — 





PATIENT EDUCATION VIDEOS — = Bloctomyooraell 
$59.95, Nerve Conduction Velocity/$59.95 
Thermography/$59.95, Somatosensory Evoke; 
Potentials/$59.95, EMG & NCV/$99.95, Patier 
Spinal Education (Neck & Back Injuries)/$139.9 
Neurodiagnostic Testing (All Inclusive)/$139.¢ 
CODs, MC, VISA, Discover, call: (800) 332-74 
Check or money order to: Medfo, Inc., P.O | 
7730, St. Petersburg, FL 33734. 30-day money k 
guarantee. 


The Archives of Neurology's classified recruitment advertising section is a 
seen by precisely the physician you need — neurologists, child neurologists 
and neurological surgeons. A specialized physician audience of over’ 


14,000. 
Send us your advertising order today. 


Just complete the coupon below and 


attach your typewritten copy. The next available issue is March which 


closes January 25th. 


The classified rate is $1.10 per word for one issue. For three issues or more, 


the rate is $1.00 per word per issue. Minimum classified ad is 20 words. 


Please insert my ad 
Place my ad under the heading 


Enclosed is my check for $ 
must be prepaid with order. 


Institution 

Contact Person 

Address 

City 

Area Code & Telephone Number 


State 


Authorized Signature 


COPY FOR CLASSIFIED ADVERTISEMENT: (Please type or print to avoid errors) 


Send all copy and payments to: 
ARCHIVES 
OF 
Neurology 


Classified Department, P.O. Box 1510, Clearwater, Florida 34617 
National (800) 237-9851 Local (813) 443-7666 FAX (813) 445-9380 


= ORDER FORM. siii --— 4 


times, beginning with the s —————— 


. All advertising 


Zip 


| 
| 
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as o © m ® 
_ Dilantin Kapseals 
p t > e . 
«extended phenytoin sodium capsules, USP) 100 mg 
j ~me prescribing, please see full prescribing information. A Brief Summary follows. 
VATIONS AND USAGE: Dilantin is indicated for the contro! of generalized tonic-clonic (grand mal) 
‘omplex partial (psychomotor, temporal lobe) seizures and prevention and treatment of seizures 
ing during or following neurosurgery. 
toin serum level determinations may be necessary for optimal dosage adjustments (see Dosage 
iministration and Clinical Pharmacology in the full prescribing information). 
AINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive to 
yin or other hydantoins. 

‘NGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status epilepticus. 
W inthe judgment of the clinician, the need for dosage reduction, discontinuation, or substitution 
‘ofa ‘native antiepileptic medication arises, this should be done gradually. However, in the event of an 

allert c or hypersensitivity reaction, rapid substitution of alternative therapy may be necessary. In this 
case, alternative therapy should be an antiepileptic drug not belonging to the hydantoin chemical class. 
There have been a number of reports suggesting a relationship between phenytoin and the develop- 
ment of lymphadenopathy (local or generalized) including benign lymph node hyperplasia, pseudo- 
lymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect relationship has not been 
-esi blished, the occurrence of lymphadenopathy indicates the need to differentiate such a condition 
fror ~*her types of lymph node pathology. Lymph node involvement may occur with or without symp- 
~~ toras and signs resembling serum sickness, eg, fever, rash and liver involvement. 
In ull cases of lymphadenopathy, follow-up observation for an extended period is indicated and every 
_efiort should be made to achieve seizure control using alternative antiepileptic drugs. 
_ „Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may decrease 
= serum levels. 

In view of isolated reports associating phenytoin with exacerbation of porphyria, caution should be 

exercised in using this medication in patients suffering from this disease. 
* Usage in Pregnancy: A number of reports suggests an association between the use of antiepileptic 
drugs by women with epilepsy and a higher incidence of birth defects in children born to these women. 
-Nata are more extensive with respect to phenytoin and phenobarbital, but these are also the most 
— commonly prescribed antiepileptic drugs; less systematic or anecdotal reports suggest a possible similar 
5 association with the use of all known antiepileptic drugs. 

The reports suggesting a higher incidence of birth defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data on drug teratogenicity in humans; genetic factors 
or the epileptic condition itself may be more important than drug therapy in leading to birth defects. 

=+ The great majority of mothers on antiepileptic medication deliver normal infants. It is important to note 

that antiepileptic drugs should not be discontinued in patients in whom the drug is administered to 

t prevent major seizures, because of the strong possibility of precipitating status epilepticus with attendant 

S hypoxia and threat to life. In individual cases where the severity and frequency of the seizure disorder 

+ are such that the removal of medication does not pose a serious threat to the patient, discontinuation 

of the drug may be considered prior to and during pregnancy, although it cannot be said with any 

» confidence that even minor seizures do not pose some hazard to the developing embryo or fetus. The 

© prescribing physician will wish to weigh these considerations in treating or counseling epileptic women 

of childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft lip/palate 

ind heart malformations, in children of women receiving phenytoin and other antiepileptic drugs, there 

* have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal growth de- 

- _üsiency, microcephaly and mental deficiency in children born to mothers who have received phenytoin, 

barbiturates, alcohol, or trimethadione. However, these features are all interrelated and are frequently 
associated with intrauterine growth retardation from other causes. 

_ There have been isolated reports of malignancies, including neuroblastoma, in children whose mothers 

received phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, because 
of altered phenytoin absorption or metabolism. Periodic measurement of serum phenytoin levels is 
particularly valuable in the management of a pregnant epileptic patient as a guide to an appropriate 
adjustment of dosage. However, postpartum restoration of the original dosage will probably be indicated. 

t«eonatal coagulation defects have been reported within the first 24 hours in babies born to epileptic 
mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent or correct 
pe defect and has been recommended to be given to the mother before delivery and to the neonate 
after birth. 

_ PRECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin; patients with 
impaired liver function, elderly patients, or those who are gravely ill may show early signs of toxicity. 

A small percentage of individuals who have been treated with phenytoin has been shown to metabolize 
the drug slowly. Slow metabolism may be due to limited enzyme availability and lack of induction; it 
/opears to be genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
Johnson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be resumed 
ind alternative therapy should be considered. (See Adverse Reactions.) If the rash is of a milder type 

asles-like or scarlatiniform), therapy may be resumed after the rash has completely disappeared. 
the rash recurs upon reinstitution of therapy, further phenytoin medication is contraindicated. 

nenytoin and other hydantoins are contraindicated in patients who have experienced phenytoin 
mersensitivity. Additionally, caution should be exercised if using structurally similar compounds 
» barbiturates, succinimides, oxazolidinediones and other related compounds) in these same patients. 
Syperglycemia, resulting from the drug's inhibitory effects on insulin release, has been reported. 
2nytoin may also raise the serum glucose level in diabetic patients. 
Gsteomalacia has been associated with phenytoin therapy and is considered to be due to phenytoir’s 
ference with Vitamin D metabolism. 
‘enytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. Appropriate 
,0Stic procedures should be performed as indicated. 
enytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and absence 
it mal) seizures are present, combined drug therapy is needed. 

rum levels of phenytoin sustained above the optimal range may produce confusional states referred 
3 delirium? “psychosis; or “encephalopathy; or rarely irreversible cerebellar dysfunction. Accordingly, 
ie first sign of acute toxicity, plasma levels are recommended. Dose reduction of phenytoin therapy 
indicated if plasma levels are excessive; if symptoms persist, termination is recommended. (See 
ings.) 
brmation for Patients: Patients taking phenytoin should be advised of the importance of adhering 
Hrictly to the prescribed dosage regimen, and of informing the physician of any clinical condition in 

ich it is not possible to take the drug orally as prescribed, eg, surgery, etc. 
Patients should also be cautioned on the use of other drugs or alcoholic beverages without first seeking 
he physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the development 
if gingival hyperplasia and its complications. 
D not use capsules which are discolored. 


Laboratory Tests: Phenytoin serum level determinations may be necessary to achieve optin 
adjustments. 

Drug Interactions: There are many drugs which may increase or decrease phenytoin level 
phenytoin may affect. Serum level determinations for phenytoin are especially helpful when po 
interactions are suspected. The most commonly occurring drug interactions are listed below 
which may increase phenytoin serum levels include: acute alcohol intake, amiodarone, chlorai 
chlordiazepoxide, diazepam, dicumarol, disulfiram, estrogens, H»-antagonists, halothane, 
methylphenidate, phenothiazines, phenylbutazone, salicylates, succinimides, sulfi 
tolbutamide, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alco 
reserpine, and sucralfate. Moban® brand of molindone hydrochloride contains calcium i 
interfere with the absorption of phenytoin. Ingestion times of phenytoin and antacid pr 
containing calcium should be staggered in patients with low serum phenytoin levels to prevent 
problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbil 
valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarbital, valproic acid a 
valproate serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in: 
patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin include: corticosteroids, coumarin antic 
digitoxin, doxycycline, estrogens, furosemide, oral contraceptives, quinidine, rifampin, the 
vitamin D. 

Drug/Laboratory Test Interactions: Phenytoin may cause decreased serum levels of prot 
iodine (PBI). It may also produce lower than normal values for dexamethasone or metyrap 
Phenytoin may cause increased serum levels of glucose, alkaline phosphatase, and gamm 
transpeptidase (GGT). 

Carcinogenesis: See “Warnings” section for information on carcinogenesis. 

Pregnancy: See Warnings. 

Nursing Mothers: Infant breast-feeding is not recommended for women taking this drug becau 
oin appears to be secreted in low concentrations in human milk. 

ADVERSE REACTIONS: Central Nervous System: The most common manifestations encour 
phenytoin therapy are referable to this system and are usually dose-related. These include n 
ataxia, slurred speech, decreased coordination and mental confusion. Dizziness, insomnia 
nervousness, motor twitchings, and headaches have also been observed. There have also 
reports of phenytoin induced dyskinesias, including chorea, dystonia, tremor and asterix 
to those induced by phenothiazine and other neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has been observed in patients recei 
term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver dama 
Integumentary System: Dermatological manifestations sometimes accompanied by fever hav 
scarlatiniform or morbilliform rashes. A morbilliform rash (measles-like) is the most comn 
types of dermatitis are seen more rarely. Other more serious forms which may be fatal hav 
bullous, exfoliative or purpuric dermatitis, lupus erythematosus, Stevens-Johnson syndrome 
epidermal necrolysis (see Precautions). 

Hemopoietic System: Hemopoietic complications, some fatal, have occasionally been ri 
association with administration of phenytoin. These have included thrombocytopenia, le 
granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow suppress 
macrocytosis and megaloblastic anemia have occurred, these conditions usually respond tc 
therapy. Lymphadenopathy including benign lymph node hyperplasia, pseudolymphoma, ly 
and Hodgkin's Disease have been reported (see Warnings). 

Connective Tissue System: Coarsening of the facial features, enlargement of the lips 
hyperplasia, hypertrichosis and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

Immunologic: Hypersensitivity syndrome (which may include, but is not limited to, sympt 
as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash), systei 
erythematosus, and immunoglobulin abnormalities. 

OVERDOSAGE: The lethal dose in children is not known. The lethal dose in adults is estim. 
2 to 5 grams. The initial symptoms are nystagmus, ataxia, and dysarthria. Other signs are tren 
reflexia, lethargy, slurred speech, nausea, vomiting. The patient may become comatose and hy 
Death is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels whe 
may occur. Nystagmus, on lateral gaze, usually appears at 20 mcg/mL, ataxia at 30 mcg/mL, | 
and lethargy appear when the plasma concentration is over 40 mcg/mL, but as high a con 
as 50 mcg/mL has been reported without evidence of toxicity. As much as 25 times the th 
dose has been taken to result in a serum concentration over 100 mcg/mL with complete 
Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and a 
supportive measures employed. Hemodialysis can be considered since phenytoin is not ci 
bound to plasma proteins. Total exchange transfusion has been used in the treatment 
intoxication in children. 

In acute overdosage the possibility of other CNS depressants, including alcohol, should 
in mind. 

Caution—Federal law prohibits dispensing without prescription. C 
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Neurologists write “Dilantin” more often than any other name in anti- 
convulsant therapy'—and for good reasons: 


m Unsurpassed control of generalized and partial seizures ** 
m Convenient once-daily dosing for many patients* s 
m Significantly lower cost than carbamazepine or valproic acid' j 


When you add billions of successful patient therapy days, it’s clear why so 
many neurologists independently write the same prescription: Dilantin 
Kapseals for effective seizure control. 


För adult patients already controlled on 100 mg tid of Dilantin Kapseals. 
t Adapted from IMS National Pharmacy Audit Basic Data Book, 4/91-6/91.' 


Please see next page for a brief summary of full prescribing information. 
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Dilantin Kapseals 
(extended phenytoin sodium capsules, USP) 100 mg 
For control, compliance, and cost 
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